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Foreword 

This Technical Specification (TS) has been produced by ETSI Technical Committee Transmission and Multiplexing 
(TM). 

The present document is partly based on the TlEl HDSL2 specification. In turn, the ITU-T Recommendation G.991.2 
annex B text was largely based on the present document. Efforts were made to ensure that the ITU G.shdsl and ETSI 
SDSL work items were kept in line. 
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1 Scope 

The present document specifies requirements for transceivers providing bi-directional symmetrical high bit rate 
transmission on a single metallic wire pair using the echo cancellation method. The technology is referred to as 
Symmetric single pair high bit rate Digital Subscriber Line (SDSL), and is applicable to metallic access transmission 
systems designed to provide digital access over existing, unshielded wire pairs. 

The present document and the requirements for their implementation define the functional requirements for SDSL. 

The requirements imply interoperability of SDSL systems. Such interoperability will be achieved when SDSL 
transceivers provided by different manufacturers are used in one SDSL link. 

The definition of physical interfaces is outside the scope of the present document. The SDSL transmission system 
consists of an application independent core and an application specific block. The core is considered a transport 
bit-pump, which transports information from one end of the metallic link to the other. The data is mapped into a frame, 
which is considered to be the interface between the application specific and independent parts of the SDSL system. This 
frame is only used internally and is not accessible. 



2 References 

The following documents contain provisions which, through reference in this text, constitute provisions of the present 
document. 

• References are either specific (identified by date of publication and/or edition number or version number) or 
non-specific. 

• For a specific reference, subsequent revisions do not apply. 

• For a non-specific reference, the latest version applies. 

Referenced documents which are not found to be publicly available in the expected location might be found at 
http://docbox.etsi.org/Reference . 

[1] ETSI TS 101 135: "Transmission and Multiplexing (TM); High bit-rate Digital Subscriber Line 

(HDSL) transmission systems on metallic local lines; HDSL core specification and applications 
for combined ISDN-BA and 2 048 kbit/s transmission". 

[2] ETSI TS 102 080: "Transmission and Multiplexing (TM); Integrated Services Digital Network 

(ISDN) basic rate access; Digital transmission system on metallic local lines". 

[3] ETSI EN 300 012-1: "Integrated Services Digital Network (ISDN); Basic User-Network Interface 

(UNI); Part 1: Layer 1 specification". 

[4] ETSI EN 300 001 : "Attachments to the Pubhc Switched Telephone Network (PSTN); General 

technical requirements for equipment connected to an analogue subscriber interface in the PSTN". 

[5 ] EN 60950 ( 1 992) : " S afety of information technology equipment" . 

[6] ETSI ETS 300 019: "Equipment Engineering (EE); Environmental conditions and environmental 

tests for telecommunications equipment". 

[7] ETSI EN 300 386: "Electromagnetic compatibility and Radio spectrum Matters (ERM); 

Telecommunication network equipment; ElectroMagnetic Compatibility (EMC) requirements". 

[8] ITU-T Recommendation G. 997.1 (1999): "Physical layer management for digital subscriber line 

(DSL) transceivers". 

[9] ITU-T Recommendation K.17 (1988): "Tests on power-fed repeaters using solid-state devices in 

order to check the arrangements for protection from external interference". 
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[10] ITU-T Recommendation K.20 (2000): "Resistibility of telecommunication equipment installed in a 

telecommunications centre to overvoltages and overcurrents". 

[11] ITU-T Recommendation K.21 (2000): "Resistibility of telecommunication equipment installed in 

costumer's premises to overvoltages and overcurrents". 

[12] ITU-T Recommendation 0.9 (1999): "Measuring arrangements to assess the degree of unbalance 

about earth". 

[13] ETSI EG 201 185: "Terminal support interface for harmonized analogue PSTN terminals". 

[14] IETF RFC 1662: "PPP in HDLC-like Framing". 

[15] ANSI X3.4-1986 (R1997): "Information Systems - Coded Character Sets - 7-Bit American 

National Standard Code for Information Interchange (7-Bit ASCII)". 

[16] ITU-T Recommendation G.994.1: "Handshake procedures for digital subscriber line (DSL) 

transceivers". 

[17] ETSI TS 101 012: "Transmission and Multiplexing (TM); Broadband Access Digital Section and 

NT functional requirements". 

[18] ISO 8601 (2000): "Data elements and interchange formats - Information interchange - 

Representation of dates and times". 

[19] ITU-T Recommendation G.704: "Synchronous frame structures used at 1 544, 6 3 12, 2 048, 8 448 

and 44 736 kbit/s hierarchical levels". 

[20] ITU-T Recommendation 1.432.1: "B-ISDN user-network interface - Physical layer specification: 

General characteristics". 

[21] IETF RFC 2495: "Definitions of Managed Objects for the DSl, El, DS2 and E2 Interface Types". 

[22] ETSI TBR 021 : "Terminal Equipment (TE); Attachment requirements for pan-European approval 

for connection to the analogue Public Switched Telephone Networks (PSTNs) of TE (excluding 
TE supporting the voice telephony service) in which network addressing, if provided, is by means 
of Dual Tone Multi Frequency (DTMF) signalling". 

[23] ETSI EN 300 324-1: "V interfaces at the digital Local Exchange (LE); V5.1 interface for the 

support of Access Network (AN); Part 1: V5.1 interface specification". 

[24] ETSI EG 201 900-1: "Services and Protocols for Advanced Networks (SPAN); Narrowband 

Services over ATM; Loop Emulation Service (LES) using AAL2; Part 1 : LES interface 
specification [ATM Forum Specification AF-VMOA-0145.000 (2000), modified]". 

|25J Void. 

[26] ATM Forum Specification, AF-PH Y-0086.00 1 : "Inverse Multiplexing for ATM (IMA) 

Specification". 

[27] ETSI EN 300 347-1: "V interfaces at the digital Local Exchange (LE); V5.2 interface for the 

support of Access Network (AN); Part 1: V5.2 interface specification". 
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3.1 



Definitions and abbreviations 



Definitions 



For the purposes of the present document, the following terms and definitions apply: 
bridged tap: unterminated twisted pair section bridged across the line 



3.2 Abbreviations 

For the purposes of the present document, the following abbreviations apply: 



2B IQ two binary one quaternary line code 

2-PAM Two-level PAM 

BB BroadBand 

BER Bit Error Ratio 

BERTS Bit Error Ratio Test Set 

BT Bridged Tap 

CCP Cross Connect Point 

CLI Calling Line Identity 

CRC Cyclic Redundancy Check 

CV Code Violation 

DLL Digital Local Line 

DRR Dynamic Rate Repartitioning 

DSC Dedicated Signalling Channel 

DSL Digital Subscriber Line 

EMC ElectroMagnetic Compatibility 

eoc embedded operations channel 

ES Errored Second 

ETS European Telecommunication Standard 

FCS Frame Check Sequence 

FEXT Far End crosstalk 

FSM Finite State Machines 

FSW Frame Synchronization Word 

HEC Header Error Control 

HDLC High level Data Link Control 

HDSL High bit rate Digital Subscriber Line 

ICP IMA Control Protocol 

IMA Inverse Multiplexing for ATM 

ISDN BA Integrated Services Digital Network Basic rate Access 

ITU-T International Telecommunication Union - Telecommunication Standardization Sector 

(former CCITT) 

lUT Item Under Test 

LCD Loss of Cell Delineation 

LCL Longitudinal Conversion Loss 

LF Loading Factor 

LOS Loss Of Signal 

LOSW Loss Of Synch Word failure 

Isb least significant bit 

LTU Line Termination Unit 

MDF Main Distribution Frame 

MI Modulation Index 

MTU Maintenance Termination Unit 

msb most significant bit 

MWI Message Waiting Indication 

NB NarrowBand 

NEXT Near End Crosstalk 

NTP Network Termination Point 

NTR Network Timing Reference 
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NTU 


Network Termination Unit 


OAM 


Operation And Maintenance 


OH 


OverHead 


PACC 


Pre-Activation Communication Channel 


PAM 


Pulse Amplitude Modulation 


PBO 


Power Back-Off 


PLL 


Phase Lock Loop 


PMD 


Physical Medium Dependent 


PMMS 


Power Measurement Modulation Session (line probe) 


PMS 


Physical Medium Specific 


PMS-TC 


Physical Medium Specific Transmission Convergence 


POTS 


Plain Old Telephone Service 


ppm 


parts per million 


PPP 


Point-to-Point Protocol 


PRBS 


Pseudo Random Bit Sequence 


PSD 


Power Spectral Density 


PSL 


Power Sum Loss 


REG 


REGenerator 


REG-C 


NTU side of the regenerator 


REG-R 


LTU side of the regenerator 


RF 


Radio Frequency 


rms 


root mean square 


RSP 


Regenerator Silent Period bit 


SDP 


Subscriber Distribution Point 


SDSL 


Symmetric single pair high bit rate Digital Subscriber Line 


SES 


Severely Errored Second 


SNR 


Signal to Noise Ratio 


SRU 


Signal Regenerator Unit 


STM 


Synchronous Transfer Mode 


SW 


synchronization word 


TBD 


To Be Determined 


TC 


Transmission Convergence 


TC-PAM 


TrelUs Coded Pulse Amplitude Modulation 


TPS 


Transmission Protocol Specific 


TPS-TC 


Transmission Protocol Specific Transmission Convergence 


TU 


Termination Unit 


TU-12 


Tributary Unit- 12 


UAS 


UnAvailable Second 


UC-PAM 


Ungerboeck Coded Pulse AmpUtude Modulation (same as TC-PAM) 


UNI 


User Network Interface 


UTC 


Unable To Comply 


xDSL 


a collective term referring to any of the various types of DSL technologies 
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4 Reference configuration 

4.1 Physical reference configuration 

Figure 4. 1 shows the reference configuration of an SDSL transmission system. 



SDSL TRANSMISSION SECTION 



NB-inteiiace 
Options: 
ISDN-BA 
POTS 



SDSL CORE 



transparent to CORE FRAME payload 

Clock & Synchronizatk)n Information ^ 

(Optional) 



NB-inteiiace 
Options: 
ISDN-BA 
POTS 




Customer side 



Digital Local 
Lines (DLLs) 



Network side 



Figure 4.1 : Reference configuration 
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Transceiver 
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1 UNI 




Physical Media 




SNI 1 











Figure 4.2: Protocol reference model 



The reference configuration provides for a bi-directional symmetrical channel with a variable bit rate that is under the 
control of the network management system of the operator. The maximum aggregate line bit rate is 2 320 kbit/s 
(allowing the support of TU-12 transport). An option to provide a four- wire operational mode that is capable of 
supporting user (payload) data rates from 384 kbit/s to 4 624 kbit/s in increments of 16 kbit/s is also specified. An 
option is provided for transporting an independent narrowband channel. The narrowband channel shall be able to carry 
an ISDN-BA whose clock domain is not necessarily the same as that of the rest of the channel. The narrowband channel 
shall altematively be capable of supporting analogue telephone channels. Remote power feeding shall be provided by 
the central office. In this case, a reduced power mode (for lifeUne service in case of local power failure) may be 
provided for the ISDN-BA or one analogue telephone connection. 

The multiplexing of additional narrowband channels into the data channel is not precluded. LifeUne service is not 
required for these channels. 
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The SDSL transmission system consists of the following functional blocks: 
interface; 

mapping; 

common circuitry; 

SDSL transceiver; 

optional regenerators. 

The functions at the central office side constitute the Line Termination Unit (LTU) and act as master to the customer 
side functions, which constitute the Network Termination Unit (NTU), and to a regenerator where applicable. 

The common circuitry providing for Physical Medium Specific Transmission Convergence (PMS-TC) Layer and the 
SDSL transceivers comprise the core functions of the NTU and the LTU which, along with the Digital Local Line 
(DLL), make up the SDSL core. The DLL is commonly a copper twisted pair and may contain regenerators if an 
enhanced transmission range is required. In optional configurations, the DLL can be two copper twisted pairs (four- wire 
mode). In that case, each SDSL Termination Unit contains two separate PMD layers, interfacing to a common PMS-TC 
layer. 

A regenerator may be inserted at any convenient intermediate point in the SDSL core with appropriate insertion loss 
consideration. Power feeding and lifeline service may restrict the maximum achievable loop reach. In the optional 
four-wire mode, four-wire regenerators may be used when this reach extension is required. 

The SDSL core is application independent. It transparently transports the SDSL frames that it receives at its internal 
interfaces. The core functions are Physical Medium Specific (PMS) and include: 

SDSL timing generation and recovery; 
start-up; 

scrambUng and descrambling; 
coding and decoding; 
modulation and demodulation; 
echo cancellation; 
line equalization. 

The mapping functions and the interface functions are application dependent and Transmission Protocol Specific (TPS). 
The mapping function handles the Transmission Convergence (TC) Layer of the specific appUcation including the 
maintenance and the mapping of the apphcation frames into the SDSL frame. The TC-functions contain: 

channel multiplexing and demultiplexing; 
friiming; 

frame synchronization; 
error detection; 

justification; 
maintenance. 

The interface functional block provides interfaces to the data channel and the optional narrowband subchannel. The 
physical characteristics of the interfaces are appUcation dependent. Implementation details are defined in the application 
descriptions. 

The interfaces between the functional blocks are only logical separations and are not required to be physically 
accessible. 

A clear embedded operations channel (eoc) is provided for within the system frame structure. The SDSL core is 
specified so as to promote interoperability of equipment from different vendors. 
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4.2 PMS-TC and TPS-TC layers 

The transport of STM over SDSL, ATM over SDSL and Dual Bearer Mode is defined in the present document. 
Additional services are defined in detail in TS 101 012 [17]. Some applications may require a simultaneous transport of 
STM- and ATM-traffic. In this case the total SDSL payload is spht into n^^M B-channels for STM- and n^^ 
B-channels for ATM-transport. 



5 Functions 

The functions Usted in table 5.1 are necessary for the correct operation of the SDSL core. 



Table 5.1 : Necessary functions 



Functions related to the SDSL core 


LTU 1 NTU/ REG 


Transparent transport of SDSL frames 


< — > 


Stuffing and destuffing 


< — > 


Transmission error detection 


< — > 


Error reporting 


< — > 


Failure detection 


< — > 


Failure reporting 


< — > 


Bit timing 


< — > 


Frame alignment 


< — > 


Power bacl<-off 


< — > 


Transceiver start-up control 


> 


Loopback control and co-ordination 


< — > 


Synchronization of SDSL transceivers 


> 


Remote power feeding 


> 


Wetting current (optional) 


> 



5.1 Transparent transport of SDSL frames 

This function provides for the bi-directional transmission of the SDSL frames. 

5.2 Stuffing an6 destuffing 

This function, when used, provides for the synchronization of the application data clock to the SDSL transceiver system 
clock, by means of adding zero or four stuffing bits per SDSL frame. 

5.3 Transmission error detection 

This function provides for error performance monitoring of the SDSL transceiver systems in each SDSL frame. 

5.4 Error reporting 

This function provides for the reporting of errors detected. 

5.5 Failure detection 

This function provides for the detection of failures in the SDSL transceiver system. 

5.6 Failure reporting 

This function provides for the reporting of failures detected in the SDSL transceiver systems. 
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5.7 Bit timing 

This function provides bit timing to enable the SDSL transceiver systems to recover information from the aggregate bit 
stream. 

5.8 Frame alignment 

This function provides information to enable the SDSL transceiver systems to recover the SDSL frame. 

5.9 Power Back-Off (PBO) 

The transmitter shall have the ability to reduce its transmitted power in order to reduce crosstalk with transmission 
systems operating in the same multi pair cable. The power back-off function shall be provided in both directions of 
transmission. The reduction of power shall be controlled by the network management. 

5.10 Transceiver start-up control 

This function provides for the activation to reach the operational state. It may contain a preactivation procedure. 

5.1 1 Loopback control and co-ordination 

This function provides for the activation and deactivation of loopbacks in the LTU, the REG and the NTU. 

5.12 Synchronization of SDSL transceivers 

This function provides for the synchronization of the SDSL transceiver systems. 

5.13 Remote power feeding 

This function provides for remote power feeding of the NTU and/or the regenerators from the LTU. 

5.14 Wetting current 

This optional function provides for feeding of a low current on the pair to mitigate the effect of corrosion of contacts. 

6 Transnnission nnediunn 
6.1 Description 

The transmission medium over which the digital transmission system is expected to operate is the local line distribution 
network, known as the Digital Local Line (DLL). A digital local line distribution network employs cables comprising 
multiple twisted pairs to provide services to customers. In a local line distribution network, customers are connected to 
the local exchange via local lines. To simplify the provision of SDSL, a digital transmission system must be capable of 
satisfactory operation over the majority of metalUc local lines without requirement of any special conditioning. In order 
to permit the use of SDSL transmission systems on the maximum possible number of digital local lines, the restrictions 
imposed by SDSL requirements are kept to the minimum necessary to guarantee acceptable operation. 
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6.2 Physical characteristics of a Digital Local Line (DLL) 

A Digital Local Line (DLL) is constructed of one or more cable sections that are spliced or interconnected together. 

The distribution or main cable is structured as follows: 

cascade of cable sections of different diameters and lengths; 

up to two Bridged Taps (BTs) may exist at various points in installation and distribution cables. 

A general description of the DLL physical model is shown in figure 6.1 and typical examples of cable characteristics 

are given in table 6.1. 






Distribution 




Main 




SDP 


Cable 


CGP 


Cable 


MDF 












Figure 6.1 : DLL physical model 



Table 6.1 : Typical cable characteristics 





Exchange cable 


Main cable 


Distribution cable 


Installation cable 


Wire diameter 
(mm) 


0,5; 0,6; 0,32; 0,4 


0,3 - 1,4 


0,3 - 1,4 


0,4; 0,5; 0,6; 0,8; 0,9; 0,63 


Structure 


SQ (B) or TP (L) 


SQ (B) or TP (L) 


SQ (B) or TP (L) 


SQ or TP or UP 


Maximum number 
of pairs 


1 200 


4 800 


600 


2 (aerial) 
600 (in house) 


Installation 




underground in ducts 


underground or 
aerial 


aerial (drop) or in ducts 
(in house) 


Capacitance 
(nF/km at 800 Hz) 


55 ... 120 


25 ... 60 


25 ... 60 


35 ... 120 


Wire insulation 


PVC, FRPE 


PE, paper pulp 


paper, PE, Cell PE 


PE, PVC 


TP: 
SQ: 
UP: 
L: 
B: 


Twisted Pairs 
Star Quads 
Untwisted Pairs 
Layer 
Bundles (units) 


PE: 
PVC: 
Pulp: 
Cell PE: 

FRPE: 


Polyethylene 
Polyvinylchloride 
Pulp of paper 
Cellular Foam 
Polyethylene 
Fire Resistant PE 




NOTE: This table is intended to describe the cables presently installed in the local loop. Not all of the above cable 
types are suitable for SDSL systems. 



6.3 Electrical characteristics of a Digital Local Line (DLL) 

The transmitted signal will suffer from impairments due to crosstalk, impulsive noise and the non-linear variation with 
frequency of DLL characteristics. These impairments are described in more detail in the following clauses. 
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6.3.1 Principal transmission characteristics 

The principal electrical characteristics varying nonlinearly with frequency are: 
insertion loss; 
group delay; 

characteristic impedance, comprising real and imaginary parts. 

6.3.2 Crosstalk characteristics 

Crosstalk noise in general is the result of finite coupling loss between pairs sharing the same cable, especially those 
pairs that are physically adjacent. Finite coupUng loss between pairs causes a vestige of the signal flowing on one DLL 
(disturber DLL) to be coupled into an adjacent DLL (disturbed DLL). This vestige is known as crosstalk noise. 
Near-end crosstalk (NEXT) is assumed to be the dominant type of crosstalk for SDSL. 

Intersystem NEXT results when pairs carrying different digital transmission systems interfere with each other. 

Intrasystem NEXT or self-NEXT results when all pairs interfering with each other in a cable are carrying the same 
digital transmission system. Intrasystem NEXT noise coupled into a disturbed DLL from a number of DLL disturbers 
can be represented as being due to an equivalent single disturber DLL with a coupling loss versus frequency 
characteristics known as Power Sum Loss (PSL). Values for 1 % worst case NEXT loss vary from 40 dB to 70 dB at 
150 kHz depending upon the cable type, number of disturbers and environment. 

6.3.3 Unbalance about earth 

The DLL will have finite balance about earth. Unbalance about earth is described in terms of Longitudinal Conversion 
Loss (LCL). The expected worst case value is 42,5 dB at 150 kHz decreasing with frequency by 5 dB/decade. 

6.3.4 Impulse noise 

The DLL will have impulse noise resulting from other systems sharing the same cables as well as from other extrinsic 
sources. 

6.3.5 IVIicro interruptions 

A micro interruption is a temporary hne interruption due to external mechanical action on the copper wires constituting 
the transmission path, for example, at a cable splice. 

6.4 Minimum Digital Local Line (DLL) requirements for SDSL 
applications 

no loading coils; 

only twisted pair or quad cable; 

no additional shielding necessary; 

when bridged taps are present, the maximum number shall be Umited to 2 and the length of each to 500 m. 
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7 



Frame structure and bit rates 



7.1 



Data mode frame structure 



7.1.1 



Introduction 



This clause describes the proposed SDSL frame structure before scrambling and encoding. This structure is valid during 
normal operation after symbol timing synchronization, frame alignment and after all internal transceiver coefficients 
have been stabiUzed sufficiently to permit a reliable transport of the signals. 

The frame structure provides the flexibility to transport variable payload bit rates from 192 kbit/s up to 2 312 kbit/s and 
the option of plesiochronous or synchronous mode. 

In plesiochronous mode, the SDSL transceiver clock is independent of the incoming data clock. It may be derived from 
the free running local oscillator or from an external clock source. The data is mapped to the SDSL frame employing the 
HDSL stuffing procedure [1]. Each individual frame contains either or 4 stuffing bits resulting in a variable frame 
length. The mean length of the SDSL frames is 6 ms. 

In synchronous mode, the SDSL transceiver clock is locked to the clock of the transmit data. The SDSL frames have a 
fixed length of 6 ms. Instead of the stuffing bits, two spare bits are defined at the end of each frame. 



Figure 7.1 illustrates bit sequences of the SDSL frame structure prior to scrambling at the transmit and after 
descrambling at the receive side. 

The nominal SDSL frame length is 6 ms. The frame is subdivided into four blocks. The first group of the frame starts 
with the 14 bit long synchronization word followed by two SDSL overhead bits and 12 sub-blocks of SDSL payload. 
Each payload sub-block consists of i + nxS bits (i = 0..7, n = 3. .36) according to the number of B-channels (n) and 
Z-bits (/) (service, signalling, maintenance) which are transmitted. Depending on the payload bit rate, each sub-block 
contains between 24 bits and 289 bits. For ; = 1 and n = 36 compatibility with the HDSL frame of TS 101 135 [1] is 
achieved. Operation with values of i > 1 for n = 36 are not covered by the present document. 

The three subsequent blocks have the same structure. Each consists of ten SDSL overhead bits and 12 SDSL payload 
sub-blocks as described above. Therefore, one frame contains a 14 bit synchronization word, 32 overhead bits, and 
between 1 152 and 13 872 payload bits. (The total number of bits in one 6 ms frame is 48 x (1 h- j + n x 8) [bits]. The 
corresponding line rates are between 192 kbit/s + 8 kbit/s and 2 312 kbit/s + 8 kbit/s). There are two possibilities for the 
bits that occur at the end of the frame (after the P48 sub-block). If bit stuffing is used, either zero or four stuffing bits 
are inserted. If bit stuffing is not used, two spare bits are available. 



7.1.2 



General structure of SDSL frames 
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n-3,4,5 36 
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[bits] 



6 ms 



Symbol Name/Function 

P01 to P48 Payload Sub-Blocks 
OH SDSL overhead (eoc, ore,...) 

Sync word Double Barker code 
Spare Spare bits 

B B-channel (64 kbit/s), n = 3,4,5.. .,36 

Z Z-bits 1 = 0,1,2, 7 

= 0: no Z-blts 
= 1 default 



Figure 7.1 : SDSL frame structure 

In the optional four-wire mode, two separate PMS-TC sublayers are active - one for each wire pair. In this case, the 
above formula represents the payload data rate for each pair rather than the aggregate payload rate. Each pair shall 
operate at the same payload rate, and the transmitters for both pairs shall maintain frame alignment within specified 
limits. In the LTU, the symbol clocks for each pair shall be derived from a common source. The maximum differential 
delay between the start of LTU frames shall be no greater than four (4) symbols at the Une side of each SDSL 
transmitter. In the NTU, symbol clocks may be derived from loop timing on each pair, so these clocks shall be locked in 
frequency but shall have an arbitrary phase relationship. The maximum differential delay between the start of NTU 
frames shall be no greater than six (6) symbols at the line side of each SDSL transmitter. 

7.1 .3 Frame structures for synchronous and plesiochronous transmission 

Figures 7.2 and 7.3 show the general structure of the SDSL frames for plesiochronous and for synchronous 
transmission. 
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Figure 7.2: SDSL frame structure for plesiochronous transmission 
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In plesiochronous mode either zero or four stuffing bits are inserted at the end of each frame. The average frame length 

is 6 ms. Due to the insertion of the stuffing bits, the real length of the frame varies and is 

6 ms ± ((2 X 6)/(Number of bits in frame)) [ms]. Thus the real frame length is also dependent on the data rate. 
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Sync word Double Barker code 
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Figure 7.3: SDSL frame structure for synchronous transmission 

The SDSL frame for synchronous transmission (see figure 7.3) is almost the same as described above. The only 

difference is the spare bits at the end of the frame which replace the stuffing bits. These SDSL frames are always 6 ms 
long. Instead of the zero or four stuffing bits, two spare bits are always available at the end of each frame in order to 
equal the average length of (plesiochronous) SDSL frames. 

7.1 .4 Determination of bit rates and payioad block structure 
7.1.4.1 Two-wire mode 

Table 7.1 shows the relationship between the payioad bit rate and the line bit rate. 



Table 7.1 : Bit rates 



Bit type 


Channel type 


Number of bits in one 
frame of 6 ms 


Bit rate 


Frame bits 


Overhead 


48/48 + 2 


8 kbit/s 


Payioad bits 


B-channel (n x 64 kbWs) 
(n = 3...36) 


n X 48 X 8 


n X 64 khWs 


Z-bits (i X 8 kbWs) 
(i = 0...7) 


i X 48 


i X 8 kbit/s 


Total number of 
bits in frame 




48 X (1 + i + n X 8) 


(n X 64 + i X 8 + 8) kbit/s 



The minimum and maximum values possible for the line bit rate are: 

Minimum (i = 0; n = 3) 192 kbit/s + 8 kbit/s = 200 kbit/s 

Maximum (i = 1 ; n = 36) 2 304 kbit/s + 8 kbit/s + 8 kbit/s = 2 320 kbit/s 

The payioad block structure for the two-wire mode is shown in figure 7.4. All structure of data within payioad 
sub-blocks (i.e. support for application specific TPS-TC) is specified in annex A. 
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Figure 7.4: Payload structure for 2-wire mode 



7.1.4.2 



Four-wire mode 



In the optional four-wire mode, interleaving of payload data between pairs is necessary. This shall be accomplished by 
interleaving within payload sub-blocks between Pair 1 and Pair 2. bits in each Sub-Block shall be carried on Pair 1, 
and an additional bits shall be carried on Pair 2, as shown in figure 7.5. The size of each payload sub-block is defined 
as 2k^ , where k = i + nxS [bits]. As stated in clause 7.1.4.1, the payload data rate per pair is set by: n x 64 -h j x 8 kbit/s, 
where 3 < n < 36 and < / < 7. For n = 36, i is restricted to the values of or 1 . All structure of data within payload 
sub-blocks (i.e. support for appUcation specific TPS-TC) is specified in annex A. 
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Figure 7.5: Payload structure for four-wire mode 
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7.1.5 



Frame bit assignments 



In table 7.2 the bit sequence of SDSL frame prior to scrambling at the transmit side and after descrambUng at the 
receive side is presented. While the frame structures are identical in both directions of transmission, the functional 
assignments of individual bits in the direction LTU to NTU or NTU to LTU are different. Unused bits in either direction 
shall be set to ONE. For example the proposed NTU local power status bit is defined only in the frame transmitted 
towards the LTU and the corresponding bit position in the reverse direction has no assigrmient. 

The value k is defined as k = i + n x 8. 
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Table 7.2: SDSL frame structure 
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The following gives a short description of the currently defined overhead bits: 

• sync word: 

the synchronization word (SW) enables the SDSL receivers to acquire frame alignment. The 

synchronization word consists of the following 14-bit sequence: 11111 100001 100. This sequence shall 
be passed as a parameter for both upstream and downstream directions during the pre-activation; 

the SW is present in every frame and is the same in both the upstream and downstream directions. 

• losd-bit (loss of signal): 

if there is no signal from the application interface, the losd-bit shall be set to ZERO in the next frame 
towards the far end. Under normal conditions, this bit shall be set to ONE. In four-wire mode, losd on 
Pair 1 shall carry the primary losd indication. The Pair 2 losd bit shall be a dupUcate of the Pair 1 bit. 

• sega (segment anomaly): 

the sega-bit shall be used to indicate CRC-errors on the incoming SDSL frames. It is set to ZERO if 
CRC-errors are detected and to ONE in normal operation. 

• segd (segment defect): 

the segd-bit shall be used to indicate loss of synchronization on the incoming SDSL frames. It is set to 
ZERO if loss of synchronization is detected and to ONE in normal operation. 

• eoc-bits (embedded operations channel): 

20 bits (eoc01...eoc20) are provided as a separate maintenance channel. For a description of codes and 
the messaging procedure in this channel, see clause 10.5. In four- wire mode, eocOl - eoc20 on Pair 1 
shall carry the primary EOC data. The corresponding Pair 2 eoc bits shall be duplicates of the Pair 1 eoc 
bits. 

• crc-bits: 

the SDSL frame shall have six bits assigned to a Cyclic Redundancy Check (CRC) code. The CRC is 
generated for each transmitted frame, and then transmitted in the following frame. 

The six crc-bits transmitted in the (N + 1)'^ frame shall be determined as follows: 

1) all bits of the N* frame except the fourteen sync word bits, the six crc-bits and any stuffing bits, for a total of 
m bits, are used, in order of occurrence, to construct a polynomial in "X" such that bit "0" of the N* frame is 
the coefficient of the term X"*"! and bit m-1 of the N*** frame is the coefficient of the term X^; 

2) the polynomial is multiplied by the factor X^, and the result is divided, modulo 2, by the generator polynomial 
X^ ® X ® 1 . The coefficients of the remainder polynomial are used, in order of occurrence, as the ordered set 
of check bits, crcl through crc6, for the (N + 1)* frame. The ordering is such that the coefficient of the term 
X^ in the remainder polynomial is check bit crc 1 and the coefficient of the term X^ in the remainder 
polynomial is check bit crc6; 

3) the check bits, crcl through crc6, contained in a frame are those associated with the content of the preceding 
frame. When there is no immediately preceding frame, the check bits may be assigned any value. 

• ps-bit (power supply bit): 

the power supply bit ps is used to indicate the status of the local power supply in the NTU. The power 
status bit is set to ONE if power is normal and to ZERO if the power has failed. In four- wire mode, ps on 
Pair 1 shall carry the primary power status indication. The Pair 2 ps bit shall be a duphcate of the Pair 1 
ps bit; 

regenerators shall pass this bit transparently. 
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• sbid (stuff indicator bits): 

(sbidl, sbid2); 

these bits are only needed in plesiochronous mode and are spare in synchronous mode. These stuff 
indicator bits indicate whether or not a stuffing event has occurred in the frame. Both bits shall be set to 
1 if the 4 stuff bits are present at the end of that frame. Both bits shall be set to if there are no stuff bits 
at the end of the current frame. 

• stb (stuffing bits): 

(stbl, stb2, stb3, stb4); 

these bits are only needed in plesiochronous mode and are spare in synchronous mode. They are always 
used together. Either zero or four stuffing bits are inserted, depending on the relation of the timing. If not 
used the stuffing bits shall be set to ONE; 

spa (spare bits); 

(spal, spa2). 

These bits are only available in synchronous mode and always used together. 

7.1.6 Scrambling method 

SDSL transceiver systems use the same self synchronizing scrambling as the 2B1Q transmission system for ISDN-BA 
as defined in TS 102 080 [2], annex A and HDSL as defined in TS 101 135 [1]. The data stream with the exception of 
the 14 bits of the sync word and the stuffing bits is scrambled by means of a 23rd-order polynomial prior to encoding. 



Table 7.3: Scrambler polynomials 



Transmit direction 


Polynomial 


Scrambler/Descrambler 


NTU ^ LIU 


X-23©x-18©1 


Transmit NTU 
Receive LTU 


LIU ^ NTU 


X-23 e x-5 © 1 


Transmit LTU 
Receive NTU 


NOTE: The sign © stands for modulo 2 summation. 



Figure 7.6 shows block diagrams for the scramblers and the descramblers. It also shows that the binary data stream is 
recovered in the receiver by applying the same polynomial used for scrambling to the scrambled data. 
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® = logical exclusive or 
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Figure 7.6: Scramblers and descramblers 
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7.1 .7 Differential delay buffer 

In the optional four-wire mode, it is understood that the characteristics of the two- wire pairs may differ. Differences in 
wire diameter, insulation type, length, number and length of bridged taps and exposure to impairments may result in 
differences in transmission time between pairs. It is recommended that such differences in signal transfer delay between 
the two pairs be Umited to a maximum of 50 [is at 150 kHz, corresponding to about 10 km difference in line length 
between NTU and LTU. 

In transceivers supporting four-wire mode, a delay difference buffer shall be implemented to compensate for any 
difference in total transmission time of the SDSL frames on different pairs. Such delay differences may be due to the 
pair differences described above, as well as to delays due to signal processing in the SDSL transceivers in the LTU, 
NTU and possible signal regenerators. The function of this delay difference buffer is to align the SDSL frames so that 
frames can be correctly reassembled. This buffer shall be capable of absorbing a delay difference of at least 
6 symbols + 50 |is at the hne side of each SDSL receiver. 

7.2 Activation mode frame structure 
7.2.1 Activation framer 

The format of the activation frame is shown in table 7.4. A T^ or T^ signal shall be generated by repetitively applying 

the activation frame information shown in table 7.4 to the scrambler shown in figure 9.1. The activation frame contents 
shall be constant during the transmission of T^ and Tj. The activation frame sync bits are not scrambled, so they shall be 

appUed directly to the uncoded 2-PAM constellation. The total number of bits in the activation frame is 4 227. The 
activation frame shall be sent starting with bit 1 and ending with bit 4 227. 

In the optional four- wire mode, activation shall proceed in parallel on each of the two- wire pairs. 



Table 7.4: Activation frame format 



Activation 
frame bit 
lsb:msb 


Definition 


1:14 


Frame sync for and T,.: 1 1 1 1 1 001 1 01 01 1 , where the left-most bit is sent first in time 


Frame sync for F^: 1101011 001 1111, where the left-most bit is sent first in time 


15:36 


Precoder coefficient 1 : 22 bit signed two's complement format with 1 7 bits after the binary point, 
where the LSB is sent first in time 


37:58 


Precoder coefficient 2 


59:3952 


Precoder coefficients 3-179 


3953:3974 


Precoder coefficient 1 80 


3975:3995 


Encoder coefficient A: 21 bits where the LSB is sent first in time 


3996:4016 


Encoder coefficient B: 21 bits where the LSB is sent first in time 


4017:4144 


Vendor data: 128 bits of proprietary information 


4145:4211 


Reserved: 67 bits set to logical zeros 


4212:4227 


CRC: Ci sent first in time, C-jg sent last in time 



7.2.1.1 Frame sync 

The frame sync for T^ and Tj. is a 14 bit Barker code. In binary, the code shall be 11111 00 1101011, and shall be sent 
from left to right. For F^, the frame sync shall be 1101011 00 11111, or the reverse of the frame sync for T^. and T^.. 

7.2.1 .2 Precoder coefficients 

The precoder coefficients are represented as 22-bit two's complement numbers, with the 5 most significant bits 
representing integer numbers from -16 (10000) to H-15 (01111), and the remaining 17 bits representing the fractional 
bits. The coefficients are sent sequentially, starting with coefficient Cj and ending with coefficient Cf^ 

(from figure 9.10), and the least significant bit of each coefficient is sent first in time. The minimum number of 
precoder coefficients shall be 128 and the maximum number shall be 180. If fewer than 180 precoder coefficients are 
used, the remaining bits in the field shall be set to zero. 
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7.2.1.3 Encoder coefficients 

Referring to figure 9.9, the coefficients for the programmable encoder are sent in the following order: ag is sent first in 
time, followed by aj, a2, . . . , and b2o is sent last in time. 

7.2.1.4 Vendor data 

These 128 bits are reserved for vendor-specific data. 

7.2.1.5 Reserved 

These 67 bits are reserved for future use and shall be set to logical zeros. 

7.2.1.6 CRC 

The sixteen CRC bits (c^ to Cjg) shall be the coefficients of the remainder polynomial after the message polynomial, 

multiplied by D^^, is divided by the generating polynomial. The message polynomial shall be composed of the bits of 
the activation frame, where Wq is bit 15 and is bit 4 21 1 of the activation frame, such that: 

CRC(Z)) = OTi(Z)) Z)16 mod giD) 

where: 

m(D) = rrifP'^ ^nij D'* ®...®m4 jg^ D ©m^ jg^ 

is the message polynomial, 

g(D) = Dl6 ® Dl2 ® d5 e 1 

is the generating polynomial, 

CRC(D) = cjDis e C2D14 e...e c^p ® c^^ 

is the CRC check polynomial, ® indicates modulo-2 addition (exclusive OR), and D is the delay operator. 



8 Clock architecture 

8.1 Tolerance of the line symbol rate 

At all rates, the transmit symbol clock during data mode from any SDSL device shall be accurate to within +32 ppm of 
the nominal frequency. During activation, the LTU shall maintain ±32 ppm accuracy of its transmit symbol clock, but 
the NTU transmit symbol clock may vary up to ±100 ppm. 

8.2 Reference clock architecture 

Due to the multiple applications and variable bit rates called for in SDSL, a flexible clocking architecture is required. 
The LTU and NTU symbol clocks are described in terms of their allowed synchronization references. Other clock 
domains may be accommodated via the supported bit-stuffing mechanism or by using other methods of clock 
information transport (as in the ISDN-BA narrowband transport option). 

The SDSL reference configuration permits the flexibility to provide a symbol clock reference based on the sources 
shown in figure 8.1. These sources may be chosen independently in the up and downstream directions (with bit stuffing 
employed as required by the application). The clock accuracy and jitter requirements are specified in a separate clauses 
or application dependent annexes. It illustrates the clock reference options in the context of a simplified SDSL reference 
model. Table 8.1 Usts the normative synchronization configurations as well as example appUcations. 



ETSI 



32 



ETSI TS 101 524 VI .2.1 (2003-03) 



The clock domain of embedded ISDN-BA channels may be different from that of the data channel. In this case separate 
stuffing and framing procedures have to be provided for these channels, which shall be described in the relevant 
application dependent annex. 
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Figure 8.1: SDSL symbol clock synchronization references 



Table 8.1 : SDSL symbol clock synchronization configurations 



Mode No. 


LT symbol clock 
source 


NT symbol clock 
source 


Example application 


Mode 


1 


Local oscillator 


Received symbol 

clock 


"Classic" HDSL 


Plesiochronous 


2 


Network 
reference 


Received symbol 
clock 


"Classic" HDSL with embedded timing 
reference 


Plesiochronous with 
timing reference 


3a 

(see note) 


Transmit data 
clock 


Received symbol 
clock 


Main application is synchronous 
transport in both directions 


Synchronous 


3b 

(see note) 


Transmit data 
clock 


Received symbol 
clock 


Synchronous downstream transport 
and bit-stuffed upstream is also 
possible 


Downstream: 
synchronous 
Upstream: 

plesiochronous 


NOTE: Both modes 3a and 3b are possible with the same clocl^ sources depending on c\ocV. tolerances. 



8.3 Definitions of clock sources 

The following definitions shall apply to the clock sources shown in figure 8.1. 

8.3.1 Transmit symbol clock 

A reference clock from which the actual transmit symbol clock is derived (i.e. the TU's transmit symbol clock is 
synchronized to this reference). 

8.3.2 Local oscillator 

A clock derived from an independent local crystal oscillator. 

8.3.3 Network reference clock 

A primary reference clock derived from the network. 
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8.3.4 Transmit data clock 

A clock that is synchronous with the transmitted data at the appUcation interface. 



8.3.5 Receive symbol clock 

A clock that is synchronous with the downstream received symbols at the SDSL line interface. This clock is used as the 
transmit symbol clock reference in the NTU. 



8.3.6 Receive data clock 

A clock that is synchronous with the received data at the apphcation interface. 



8.4 Synchronization to clock sources 

In synchronous mode, the LTU can be synchronized to the transmit data clock or to a network reference clock. If a 
network reference clock is used, the transmit data clock must be synchronized to the network reference clock. (The 
various transmit data rates are independent of the reference clock frequency). 

When available, the network reference clock shall be either a fundamental 8 kHz network clock or a related reference 
clock at some multiple of 8 kHz. Such reference clocks are typically 1,544 MHz or 2,048 MHz, although in some 
applications other frequencies, such as 64 kHz, may be available. These related clocks include implicit 8 kHz timing 
signals. Selection of a specific network clock reference frequency shall be appUcation dependent. 



9 PiVID Layer functional characteristics 



9.1 



Activation 



This clause describes waveforms at the loop interface and associated procedures during activation mode. The direct 
specification of the performance of individual receiver elements is avoided when possible. Instead, the transmitter 
characteristics are specified on an individual basis and the receiver performance is specified on a general basis as the 
aggregate performance of all receiver elements. Exceptions are made for cases where the performance of an individual 
receiver element is crucial to interoperability. 

In clause 9.1.2 "convergence" refers to the state where all adaptive elements have reached steady state. The declaration 
of convergence by a transceiver is therefore vendor dependent. Nevertheless, actions based on the state of convergence 
are specified to improve interoperability. 

An optional deactivation and warm start procedure is described in annex D. 

9.1 .1 Activation PMD reference model 

The block diagram of the activation mode PMD layer of an LTU or NTU transmitter is shown in figure 9.1. 
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Figure 9.1 : Activation reference model 
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The time index m represents the symbol time, and t represents analogue time. Since activation uses 2-PAM modulation, 
the bit time is equivalent to the symbol time. The output of the framer is the framed information hits f(m). The output of 
the scrambler is s(m). Both the framer and the scrambler are contained in the PMS-TC layer and are shown here only 
for clarity. The output of the mapper is y(m), and the output of the spectral shaper at the loop interface is z(t). d(m) is an 
initialization signal that shall be logical ones for all m. The modulation format shall be uncoded 2-PAM, with the full 
symbol rate selected for data mode operation. During activation, the timing reference for the activation signals have a 
tolerance of ±32 ppm at the LTU and ±100 ppm at the NTU. 

In devices supporting the optional four-wire mode, the activation procedure shall be considered as an independent 
procedure for each pair. Such devices shall be capable of detecting the completion of activation for both pairs and upon 
completion shall initiate the transmission of user data over both pairs. 

9.1.2 Activation sequence 

The timing diagram for the activation sequence is given in figure 9.2. The state transition diagram for the activation 
sequence is given in figure 9.4. Each activation signal in the activation sequence shall satisfy the tolerance values listed 
in table 9.1. 

NOTE: A warm-start procedure is under study for use in systems that can go into a deactivated state, when no 
communication is going on. 
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Figure 9.2: Timing diagram for activation sequence 

Figure 9.3 shows the total activation sequence at a high level for SDSL, which includes preactivation and core 
activation. Included, as an example in the pre-activation phase, are two sessions of handshake per PACC and Une probe. 
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Figure 9.3: SDSL total activation sequence 
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The global activation time is the sum of the preactivation and core activation times. Therefore, from figure 9.3, 

^ Pre _ activation ~^ ^ Core _ activation ~ ^ Act _Global 

where tp^g activation combined duration of the PACC sessions (see clause 9.2) and line probing (see clause 9.2.2), 
^Core activation ''^'"^ activation duration (see clause 9.1). The values for t^^.j and t^^j Global defined in table 9.1. 
The value for tp.j^gj is given in table 9.4. 



Table 9.1 : Tolerance values for activation signals 



Signal 


Parameter 


Reference 


Nominal value 


Tolerance 


'or 


Duration of C,. 


clause 9.1.2.1 


1 X p s (see note 1 ) 


±20 ms 


^crsc 


time from end of to beginning 

ofSc 


clause 9.1.2.2 


0,5 s 


±20 ms 


^crsr 


time from end of to beginning 
of 


clause 9.1.2.3 


1,5xps 
(see note 1 ) 


±20 ms 


W 


Maximum time from start of to 

Data,. 




15xps 
(see note 1 ) 




'Act_Global 


Time from start of Initial 
handshake to Data^ (see note 2) 




30 s 




NOTE 1 : p is dependent on bit-rate, p = 1 for n > 1 2, p = 2 for n < 1 2. 

NOTE 2: In the majority of the cases, t^g. Global ^^^'^ ^- However, since the definition of the 
handshake mechanism in ITU-T Recommendation G.994.1 [16] is outside the scope of the present 
document, a maximum value t^^^t Global cannot be assured. 
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LTU NTU 



Power-on Power-on 




Figure 9.4: LTU and NTU transmitter state transition diagram 



9.1.2.1 Signal Cr 

After exiting the preactivation sequence (see clause 9.2), the NTU shall send C^. Waveform shall be generated by 
connecting the signal d(m) to the input of the NTU scrambler as shown in figure 9.1. The PSD mask for Cj. shall be the 
upstream PSD mask, as negotiated during preactivation sequence. Cj. shall have a duration of t^^ s and shall be sent 0,3 s 
after the end of preactivation. 

NOTE: The end of preactivation can be defined in two ways according to TTU-T Recommendation G.994.1 [16]. 
For the purpose of the present document, the end of preactivation will be from the end of the ACK(l) 
message transmission plus the required timers. The minimum and maximum values of those timers are 
0,04 s and 1,0 s. Therefore, the total time between the end of the ACK(l) message and the beginning of 
Cf should be between 0,34 s and 1,3 s. 
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9.1.2.2 Signal Sc 

After detecting Cj., the LTU shall send Sg. Waveform shall be generated by connecting the signal d(m) to the input of 

the LTU scrambler as shown in figure 9. 1. The PSD mask for S^. shall be the downstream PSD mask, as negotiated 
during preactivation sequence. Sj, shall be sent t^^^^ s after the end of Cj.. If the LTU does not converge while Sj, is 
transmitted, it shall enter the exception state (see clause 9.1.2.8). 

9.1.2.3 Signal Sr 

The NTU shall send Sp beginning t^.^^^. s after the end of Cj.. Waveform shall be generated by connecting the signal 

d(m) to the input of the NTU scrambler as shown in figure 9.1. The PSD mask for Sj. shall be the same as for C^. If the 

NTU does not converge and detect T^, while Sj. is transmitted, it shall enter the exception state (see clause 9.1.2.8). The 

method used to detect T^. is vendor dependent. In timing modes supporting loop timing, waveform Sj. and all subsequent 

signals transmitted from the NTU shall be loop timed, i.e. the NTU symbol clock shall be locked to the LTU symbol 
clock. 

9.1.2.4 Signal Tc 

Once the LTU has converged and has been sending S,, for at least Tp^^ seconds (see table 9.3), it shall send T^. 
Waveform T^. contains the precoder coefficients and other system information. T^. shall be generated by connecting the 
signal /fmj to the input of the LTU scrambler as shown in figure 9.1. The PSD mask for T^, shall be the same as for S^,. 
The signal /fmj is the activation frame information as described in clause 9.1.3. If the LTU does not detect Tj. while 
sending T^, it shall enter the exception state (see clause 9.1.2.8). The method used to detect Tj. is vendor dependent. 

9.1.2.5 Signal Tr 

Once the NTU has converged and has detected the T^, signal, it shall send Tj.. Waveform Tj. contains the precoder 
coefficients and other system information. Tj. shall be generated by connecting the signal f(m) to the input of the NTU 
scrambler as shown in figure 9.1. The PSD mask for Tj. shall be the same as for C^. The signal /fmj is the activation 
frame information as described in clause 9.1.3. If the NTU does not detect F^, while sending Tj., it shall enter the 
exception state (see clause 9.1.2.8). The method used to detect F^, is vendor dependent. 

9.1.2.6 Signal Fc 

Once the LTU has detected T^ it shall send F^,. The first bit of the fist F^ frame shall follow contiguously the last bit of 
the last Tg frame. Signal F^. shall be generated by connecting the signal f(m) to the input of the LTU scrambler as shown 
in figure 9.1 . The PSD mask for F^, shall be the same as for S^.. The signal /fmj is the activation frame information as 
described in clause 9.1.3 with the following exceptions: the frame sync word shall be reversed in time and the payload 
information bits shall be set to arbitrary values. The payload information bits correspond to the following fields in 
table 7.4: Precoder coefficients. Encoder coefficients and Reserved. The CRC shall be calculated on this 
arbitrary-valued payload. The signal F^ shall be transmitted for exactly two activation frames. As soon as the first bit of 

Fg is transmitted, the payload data in the Tj. signal shall be ignored. 

9.1.2.7 Datac and Datar 

Within 200 symbols after the end of the second frame of F^,, the LTU shall send Data^, and the NTU shall send Data^.. 
These signals are described in clause 9.2. The PSD mask for Data^ shall be the same as for Cp and the PSD mask for 
Data^ shall be the same as for Sg. There is no required relationship between the end of the activation frame and any bit 
within the SDSL data-mode frame. Tp^yj^^jvalid seconds (see table 9.3) after the end of F^,, the SDSL payload data shall 
be valid. 
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9.1.2.8 Exception State 

If activation is not achieved within t^^.^ (see table 9.1) or if any exception condition occurs, then the exception state shall 

be invoked. During the exception state the TU shall be silent for at least tj,;[gj,^,g (see table 9.3), then wait for 

transmission from the far end to cease, then return to the corresponding initial startup state; the NTU and LTU shall 
begin preactivation, as per clause 9.2. 

9.1.2.9 Exception condition 

An exception condition shall be declared during activation if any of the timeouts given in table 9.3 expire or if any 
vendor-defined abnormal event occurs. An exception condition shall be declared during data mode if the 
vendor-defined abnormal event occurs. A vendor-defined abnormal event shall be defined as any event that requires 
loop restart for recovery. 

9.1.3 Activation framer 

See clause 7.2.1. 

9.1.4 Scrambler 

The scrambler in the LTU and the NTU transmitters shall operate as shown in figure 7.6. The frame sync bits in the 
activation frame shall not be scrambled. While the frame sync bits are present at f(n), the scrambler shall not be clocked, 
and f(n) shall be directly connected to s(n). 

9.1.5 Mapper 

The output bits from the scrambler s(m) shall be mapped to the an output level y(m)as follows. 



Table 9.2: Bit-to-level mapping 



Scrambler output s(m) 


Mapper output level y(m) 


Data mode Index 





-9/16 


0011 


1 


+9/16 


1000 



These levels corresponding in the scrambler outputs and 1 shall be identical to the levels in the 16-TC-PAM 
constellation (see table 9.8) corresponding to indexes 0011 and 1000 respectively. 

9.1.6 Spectral shaper 

The same spectral shaper shall be used for data mode and activation mode as described in clause 9.3.5. 

9.1.7 Timeouts 

Tables 9.1 and 9.3 show the system timeouts and their values, t^^^ Global shall be the maximum time from the start of 
initial handshake to the start of Data,.. It controls the overall time of the train, including handshake, line probe and 
activation. T^^^ shall be the maximum time from the start of to the start of Data^ . Tpgyj^j^jy^jij shall be the time 
between the start of data mode and when the SDSL payload data is valid (this accounts for settling time, data flushing, 
frame synchronization, etc). T^jjgi^i,^ shall be the minimum time in the exception state where the LTU or NTU are silent 

before returning to pre-activation. TpLL shall be the time allocated for the NTU to pull in the LTU timing. The LTU 
shall transmit S^, for at least Tp^L seconds. 
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Table 9.3: Timeout values 



Parameter 


Name 


Value 


Time from start of Data^, or Data,, to valid SDSL payload data 


'''PayloadValid 


1 s 


Minimum silence time from exception condition to start of train 


"'"silence 


2s 


Time from start of S(, to NTU PLL lock 


"■"PLL 


5s 



9.2 PMD preactivation sequence 



This clause describes waveforms at the loop interface and associated procedures during preactivation mode. The direct 
specification of the performance of individual receiver elements is avoided when possible. Instead, the transmitter 
characteristics are specified on an individual basis and the receiver performance is specified on a general basis as the 
aggregate performance of all receiver elements. Exceptions are made for cases where the performance of an individual 
receiver element is crucial to interoperability. 

The Pre- Activation Conomunication Chaimel (PACC) shall use the modulation and message structure as described in 
ITU-T Recommendation G.994.1 [16]. The preactivation communication channel shall allow the selection of the 
synchronization word described in clause 7.1.5. Armex B specifies the use of ITU-T Recommendation G.994.1 [16] in 
the context of SDSL. 

In the optional four-wire mode, Pair 1 and Pair 2 shall be determined during the preactivation sequence. Pair 1 shall be 
defined as the pair on which the final G.994.1 transaction is conducted. 

9.2.1 PMD preactivation reference model 

The reference model of the preactivation mode of an LTU or NTU transmitter is shown in figure 9.5. 




andshake 



logical 
ones -^(fn) 



Scrambler 


-s(m)->' 


Mapper 




Spectral 
Shaper 




output at 

loop 
interface 



Figure 9.5: Preactivation reference model 



The time index m represents the symbol time, and t represents analogue time. Since the probe signal uses 2-PAM 
modulation, the bit time is equivalent to the symbol time. The output of the scrambler is s(m). The scrambler is 
contained in the PMS-TC layer and is shown here only for clarity. The scrambler used in the PMD preactivation may 
differ from the PMS-TC scrambler used in the activation and data mode (see clause 9.2.3). The output of the mapper is 
y(m) and the output of the spectral shaper at the loop interface is z(t).d(m) is an initialization signal that shall be logical 
ones for all m. The probe modulation format shall be uncoded 2-PAM, with the symbol rate, spectral shape, duration, 
and power back-off selected by PACC. Probe results shall be exchanged by PACC. 

In the optional four -wire mode, the G.994.1 exchange shall follow the defined procedures for multi-pair operation. In 
this case, signals and p^j, as described below, shall be sent in parallel on both wire pairs. 
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9.2.2 PMD preactivation sequence description 

A typical timing diagram for the preactivation sequence is given in figure 9.6. Each signal in the preactivation sequence 
shall satisfy the tolerance values listed in table 9.4. 



C1 



C2 



LTU 



NTU 





Pr1 Pr2 Pr3 

Figure 9.6: Typical timing diagram for preactivation sequence 



Table 9.4: Timing for preactivation signals 



Time 


Parameter 


Nominal value 


Tolerance 




Time from end of handshake to start of remote 
probe 


0,2 s 


±10 ms 


^prd 


Duration of remote probe 


Selectable from 
50 mstoS.I s 


±10 ms 


tps 


Time separating two probe sequences 


0,2 s 


±10 ms 


^prc 


Time separating last remote and first central 
probe sequences 


0,2 s 


±10 ms 


'pod 


Duration of central probe 


Selectable from 
50 ms to 3,1 s 


±10 ms 


tph 


Time from end of central probe to start of 
handshake 


0,2 s 


±10 ms 


^p-total 


Total probe duration, from end of the first 
G. 994.1 session to the start of the second 

G. 994.1 session 


10s 

maximum 




NOTE: Tolerances are relative to the nominal or ideal value. They are not cumulative across 
the preactivation sequence. 



9.2.2.1 Signal Pn 

If the optional line probe is selected during the PACC session (see clause 9.2), the NTU shall send the remote probe 
signal. The symbol rate for the remote probe signal shall be negotiated during the PACC session, and shall correspond 
to the symbol rate used during activation for the specified data rate. If multiple remote probe symbol rates are 
negotiated during the PACC session, then multiple probe signals will be generated, starting with the lowest symbol rate 
negotiated and ending with the highest symbol rate negotiated. Pj.; is the i'*' probe signal (corresponding to the i*^ 
symbol rate negotiated). Waveform Pj.; shall be generated by connecting the signal d(m) to the input of the NTU 
scrambler as shown in figure 9.5. The PSD mask for Pj.j shall be the upstream PSD mask used for signal Cj. at the same 
symbol rate, and shall be selectable between the PSDs for activating at data rates of 192 kbit/s to 2 304 kbit/s in steps of 
64 kbit/s. The duration (tpj.^) and power back-off shall be the same for all Pj.;, and shall be negotiated during the PACC 

session. The duration shall be selectable between 50 ms and 3,1 s in steps of 50 ms, and the power back-off shall be 
selectable between dB and 15 dB in steps of 1 dB. The probe signal power back-off can be selected using either the 
received PACC signal power or a priori knowledge. If no information is available, implementers are encouraged to 
select a probe power back-off of at least 6 dB. The first remote probe signal shall begin tj^p seconds after the end of the 
PACC session. There shall be a tp^ second silent interval between successive remote probe signals. 

In the optional four-wire mode, shall be sent in parallel on both wire pairs. 
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9.2.2.2 Signal Pci 

The LTU shall send the central probe signal t^j.^ seconds after the end of the last remote probe signal. The symbol rate 
for the central probe signal shall be negotiated during the PACC session, and shall correspond to the symbol rate used 
during activation for the specified data rate. If multiple central probe symbol rates are negotiated during the PACC 
session, then multiple probe signals will be generated, starting with lowest symbol rate negotiated and ending with the 
highest symbol rate negotiated. Waveform P^j is the i* probe signal (corresponding to the i* symbol rate negotiated). 
Waveform P^j shall be generated by connecting the signal d(m) to the input of the LTU scrambler as shown in 
figure 9.5. The PSD mask for P^.; shall be the downstream PSD mask used for signal S^. at the same symbol rate, and 
shall be selectable between the PSDs for activating at data rates of 192 kbit/s to 2 304 kbit/s in steps of 64 kbit/s. The 
duration (t^^^) and power back-off shall be the same for all P^j, and shall be negotiated during the PACC session. The 

duration shall be selectable between 50 ms and 3,1 s in steps of 50 ms, and the power back-off shall be selectable 
between dB and 15 dB in steps of 1 dB. The probe signal power back-off can be selected using either the received 
PACC signal power or a priori knowledge. If no information is available, implementers are encouraged to select a probe 
power back-off of at least 6 dB. There shall be a tp^ silent interval between successive central probe signals, and there 
shall be a tpj, second silent interval between the last central probe signal and the start of the following PACC session. 

In the optional four-wire mode, P^j shall be sent in parallel on both wire pairs. 

9.2.3 Scrambler 

The scrambler used in the PMD preactivation has the same basic structure as the data mode scrambler, but can have 
different scrambler polynomial. During the PACC session, the scrambler polynomial for each probe sequence is 
selected by the receiver from the set of allowed scrambler polynomials listed in table 9.5. The transmitter shall support 
all the polynomials in table 9.5. During PMD preactivation, the transmit scrambler shall use the scrambler polynomial 
selected by the receiver during the PACC session. The scrambler shall be initiaUzed to all zero. 



Table 9.5: Preactivation scrambler polynomials 



Index 


LTU polynomial 


NTU polynomial 





s{n) = s{n -5)@ s{n - 23) ® d{n) 


sin) = sin -IS)® sin - 23) ® din) 


1 


s{n) = s{n-\)®d{n) 


sin) = sin-l)®din) 


2 


s{n) = s{n - 2) ® s{n - 5) ® d{n) 


sin) ^sin-3)®sin-5)®din) 


3 


sin) = s(n - 1) © s(n - 6) © d(n) 


sin) = sin - 5) © sin - 6) © din) 


4 


s(n) = s(n-J)®s(n- 7) ®d(n) 


sin) = i(« - 4) © i(n - 7) ®din) 


5 


sin) = sin -2)® sin -3)® sin - 4) 
® sin -S)® din) 


sin) = sin - 4) © sin - 5) © sin - 6) 
® sin -S)® din) 



9.2.4 Mapper 

The output bits from the scrambler s(m), shall be mapped to the output level y(m), as described in clause 9.1.5. 

9.2.5 Spectral shaper 

The same spectral shaper shall be used for data mode and activation mode as described in clause 9.3.5. 
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9.2.6 Power Back-Off 

In order to save power and reduce ingress to other xDSL transmission systems, power back-off shall be implemented. 
The selected power back-off value shall be communicated through the use of parameter selections during the 
preactivation procedure. The power back-off value shall be selected to meet the requirements shown in table 9.6, which 
shall be understood as a minimum requirement. 

The power back-off calculations are based on "Estimated Power Loss" (EPL), which is defined as: 

EPL = Transmit power - Estimated receive power evaluated for the data mode PSD. 

No explicit specification is given herein for the method of calculating "Estimated Receive Power". Depending upon the 
appUcation, this value may be determined based on Une probe results, a priori knowledge or levels of tones used during 
the preactivation procedure. 

The power back-off that is applied shall be no less than the default power back-off, and it shall not exceed the 
maximum power back-off value. 



Table 9.6: Required power back-off values 



Estimated power loss/dB 


Maximum power baclc-off/dB 


Defauit power baclc-off/dB 


EPL>6 


31 





5<EPL<6 


31 


1 


4<EPL<5 


31 


2 


3<EPL<4 


31 


3 


2<EPL<3 


31 


4 


1 <EPL<2 


31 


5 


0<EPL<1 


31 


6 



9.2.7 PMMS target margin 

PMMS target margin is used by the receiver to determine if a data rate can be supported with this margin under current 
noise and/or reference worst-case noise. A data rate may be included in the capabihties list resulting from line probe 
only if the estimated SNR associated with that data rate minus the SNR required for BER = 10"^ is greater than or equal 
to target margin in dB. If both worst-case target margin and current-condition target margin are specified, then the 
capabilities exchanged shall be the intersection of data rates calculated using each noise condition separately. 

The use of negative target margins with respect to reference worst-case noise corresponds to reference noise with fewer 
disturbers. This may be applicable when the number of disturbers is known to be substantially fewer than specified by 
the reference worst-case noise. Use of negative target margins with respect to current-conditions is not advised. Use of 
the current-condition target margin mode may result in retrains if the noise enviroimient changes significantly. 

If the optional line probe is selected during the G.994. 1 session, the receiver shall use the negotiated target margin. If 
worst-case PMMS target margin is selected, then the receiver shall assume the disturbers of table 9.7 to determine if a 
particular rate can be supported. Reference crosstalk shall be computed using the cable crosstalk models of 
clause 12.5.2, assuming infinite loop length so that FEXT components are ignored and NEXT is independent of loop 
length. The reference crosstalk specified in this clause may not be representative of worst-case conditions in all 
networks. Differences between crosstalk environments may be compensated by adjusting the target margin. 



Table 9.7: Reference disturbers used during PMMS for worst-case target margin 



Rate (kbit/s) 


PSD (direction) 


Reference disturber 


all 


Symmetric (US/DS) 


49 SDSL 


2 048 


Asymmetric (US) 


49 SDSL-SYM with fsym = 685 333 Hz 


2 048 


Asymmetric (DS) 


49 SDSL-SYM with fsym = 685 333 Hz 


2 304 


Asymmetric (US) 


49 SDSL-SYIVI with fsym = 770 667 Hz 


2 304 


Asymmetric (DS) 


49 SDSL-SYM with fsym = 770 667 Hz 
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9.3 Data mode 

This clause describes the waveform at the line interface during data mode given the input bit stream from the TC layer. 



9.3.1 Data mode PMD reference model 

The block diagram of the data mode PMD layer of an LTU or NTU transmitter is shown in figure 9.7. 
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Figure 9.7: Data mode PMD reference model 



The time index n represents the bit time, the time index m represents the symbol time, and t represents analogue time. 
The input from the TC layer is f(n), s(n) is the output of the scrambler. The scrambler is contained in the PMS-TC layer 
and is shown here only for clarity. x(m) is the output of the UC-PAM (Ungerboeck Coded Pulse Amplitude 
Modulation) encoder, y(m) is the output of the channel precoder, and z(t) is the analogue output of the spectral shaper at 
the line interface. When transferring K information bits per one-dimensional PAM symbol, the symbol duration is K 
times the bit duration, so the K values of n for a given value of m are { mK, mK + 1 , . . . , mK + K - 1 } . 

In the optional four-wire mode, two separate PMD sublayers are active - one for each wire pair. In this case, n 
represents the bit time for each wire pair rather than the aggregate system line rate. 



9.3.1.1 PMD rates 

The transmission is 16 UC-PAM. There are 3 data bits and 1 redundant bit transmitted each symbol. The TU shall 
support a Une rate of (n x 64 + i x 8 + 8) kbit/s, where n is an integer value from 3 to 36 and i is an integer value from 
to 7. The tolerance on the symbol rate shall be ±32 ppm. 



9.3.2 Scrambler 

The scrambler in the LTU and the NTU transmitters are described in clause 7.1.6. While the frame sync bits and stuff 
bits are present at f(n), the scrambler shall not be clocked and f(n) shall be directly connected to s(n). 



9.3.3 UC-PAM encoder 

The block diagram of the UC-PAM encoder is shown in figure 9.8. The serial bit stream from the scrambler s(n) shall 
be converted to a K-bit parallel word at the m^^^ symbol time, then processed by the convolutional encoder. The 
resulting K + 1-bit word shall be mapped to one of 2^ + ^ pre-determined levels forming x(m). 
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s(n), 
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• 
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Figure 9.8: Block diagram of tlie UC-PAIUl encoder 



9.3.3.1 Serial-to-parallel converter 

The serial bit stream from the scrambler, s(n), shall be converted to a K-bit parallel word 

{Xj(m) = s(mK), XjCm) = s(mK + 1), Xjj(m) = s(mK + K - 1)} at the m* symbol time, where Xj(m) is the first in 
time. 

9.3.3.2 Convolutional encoder 

Figure 9.9 shows the feed forward non-systematic convolutional encoder, where is a delay of one symbol time, "®" 
is binary exclusive-OR, and "®" is binary AND. X2(m) shall be applied to the convolutional encoder, Yi{m) and YpCm) 
shall be computed, then X2(m) shall be shifted into the shift register. 
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Figure 9.9: Blocit diagram of tlie convolutional encoder 

The binary coefficients aj and bj shall be passed to the encoder from the receiver during the activation phase specified in 
clause 9.1. A numerical representation of these coefficients is A and B, where: 

A = a2o»220 + ai9«2l9 + a^^*!^^ + ...+ an«20 



and: 



B = b2o«220 + bi9«2l9 + bi8«2l8 + . . . + bo»20 



The specific choice of Ungerboeck code is vendor specific. The Ungerboeck code shall be chosen such that the system 
performance requirements are satisfied. 
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9.3.3.3 Mapper 

For K = 3, the bits ¥3(111), ¥2(01), YjCm), and YqCoi) shall be mapped to a level x(m) as specified in table 9.8. 



Table 9.8: Data mode bit-to-level mapping 



Trellis encoder output, 
Y3(m) Y2(m) ¥^(01) Yo(m) 


Level x(m) 
(see note) 


0000 


-15/16 


0001 


-13/16 


0010 


-11/16 


0011 


-9/16 


0100 


-7/16 


0101 


-5/16 


0110 


-3/16 


0111 


-1/16 


1100 


1/16 


1101 


3/16 


1110 


5/16 


1111 


7/16 


1000 


9/16 


1001 


11/16 


1010 


13/16 


1011 


15/16 


NOTE: The values are fractions of the value 1 as 
defined in clause 9.3.4. 



9.3.4 Channel precoder 

The block diagram of channel precoder is shown in figure 9.10, where T^ is a delay of one symbol time. 




Precoder filter 



Figure 9.10: Block diagram of the channel precoder 

The coefficients Cj, of the precoder filter shall be transferred to the channel precoder as described in clause 7.2.1.2. The 
output of the precoder filter v(m) shall be computed as follows: 

v(m) = Xc,y(m-k) 
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The function of the modulo block shall be to detemaine y(m) as follows: for each value of u(m), find an integer d(m) 
such that: 

-l<u(m) + 2d(m)<l 

and then: 

y(m) = u(m) + 2d(m) 

9.3.5 Spectral shaper 

The spectral shaper for the LTU and the NTU transmitters shall operate on the output of the respective precoders (data 
mode) or mappers (activation and preactivation mode). The analogue output z(t) of the spectral shaper is coupled to the 
loop, and shall have a power spectral density, which is limited by masks, and have a limited total power. Power and 
power spectral density is measured into a load impedance of 135 £1. The power spectral density for all modes, including 
preactivation probing signals, shall be measured with a 10 kHz resolution bandwidth. 

NOTE: Large PSD variations over narrow frequency intervals (for example near the junction of the main lobe 
with the noise floor) might require a smaller Resolution BandWidth (RBW) to be used. A good rule of 
thumb is to choose RBW such that there is no more than IdB change in the signal PSD across the RBW. 
It may be necessary to disregard spurious interference peaks observed when using narrow resolution 
bandwidths. 

9.4 PSD masks 

For all data rates, the measured transmit PSD of each LTU or NTU shall not exceed the PSD masks specified in this 
clause (PSDMASKgQgLCf))^ and the measured total power measured into a load impedance of 135 shall fall within 
the range specified in this clause (Psdsl - '^^)- symmetric PSD masks shall be mandatory, and the asymmetric 
PSD masks shall be optional. Table 9.9 lists the supported PSDs and the associated constellation sizes. 



Table 9.9: PSD and constellation size 



Symmetric PSDs 


Asymmetric PSDs 


DS 


US 


DS 


US 


DS 


US 


Coded 16-PAM 


Coded 16-PAM 


Coded 16-PAM 


Coded 16-PAM 


Coded 8-PAM 


Coded 16-PAM 


Mandatory 


Optional 


For further study 
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9.4.1 Symmetric PSD masks 



For all values of framed data rate available in the LTU or NTU, the following set of PSD masks (PSDMASKgjjsLCf)) 
shall be selectable: 



PSDMASKsDSL(f) = 

r 



-PBO 



{ 



fi(f)=10 10 x^^x— X 
R, f.™ 



sin 



f 





2 


1 + 


r f \ 


f 









MaskOffsetdB(f) 

:XlO 10 [W/Hz] f^f" 



fi„t <f <l,5MHz 

P3(f) = -90 dBm/Hz peak with maximum power in a [f, f + 1 MHz] window of - 50 dBm 1,5 MHz < f < 



where: 

PBO = the Power Back-Off value in dB, as defined in clause 9.2.6 
'^sdsi' 'sym' *3ciB Order are defined in table 9.10 
f = frequency in Hz 



Rs= 135 a 



MaskOffsetdB(f) = 



l + 0,4x ^^'"^ ^ [dB], f<f3, 



[ 1 [dB], f>f3^ 

f|„, = lowest frequency above fg^g where the expressions for P.|(f) and PgCf) intersect 



f^^=1 1,040 MHz 



Table 9.10: Symmetric PSD parameters 



Payload data rate, R 
(bit/s) 


•^SDSL 
(V^ 


Order 


^sym 
(Hz) 


*3dB 

(Hz) 


PSDSL 
(dBm) 


R<2048x103 bit/s 


7,86 


6 


(R + 8 000 bit/s) / (3bit) 


1,0xfsyn,/2 


PI (R) < PsDSL ^13.5 dBm 


R>2 048x103 bit/s 


9,90 


6 


(R + 8 000 bit/s) / (3bit) 


1,0xfsy^/2 


14,5 dBm 



P1(R) with R given in bit/s- is defined as follows: 

P1(R) = 0,3486 log2 (R -I- 8 000) -i- 6,06 

For dB power back-off, the measured transmit power measured into a load impedance of 135 H shall fall within the 
range Pg^sL - ^ where Psdsl defined in table 9.10. For power back-off values other than dB, the measured 
transmit power measured into a load impedance of 135 Q. shall fall within the range PgosL - ^B minus the power 
back-off value in dB. The measured transmit PSD measured into a load impedance of 135 H shall remain below 
PSDMASKsi3SL(f)- The inband PSD for MHz < f < 1,5 MHz shall be measured with a 10 kHz resolution bandwidth 
(see note in clause 9.3.5). 
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Fi gure 9.11 shows the PSD masks with dB power back-off for data rates of 256 kbit/s, 512 kbit/s, 768 kbit/s, 
1 536 kbit/s, 2 048 kbit/s and 2 304 kbit/s plus 8 kbit/s of overhead. 




Figure 9.11 : Symmetric PSD masks for dB power back-off 
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The equation for the nominal PSD measured at the terminals is: 



NominaIPSDsDSL(f) = 

r 



{ 



-PBO 

fi(f)=10^x^^x — X 

/? f 

.V sym 



f 



1 + 



-^1 



2xOrder f2_|_j2 



[W/Hz] 



PjCf) = -90 dBm/Hz peak with maximum power in a [f, f + 1 MHz] window of - 50 dBm 



f <fint 

fi„t <f <l,5MHz 
l,5MHz<f 



where: 

PBO = the Power Back-Off value in dB, as defined in clause 9.2.6 
^sdsi' 'sym' 'sdB Order are defined in table 9.10 
f = frequency in Hz 
Rs= 135n 

f^ is the transformer cut-off frequency, assumed to be 5 kHz 

fi^, = lowest frequency above fg^jg where the expressions for P^(f) and P2(f) intersect 
fmax= 11.040 MHz 



The inband PSD for MHz < f < 1,5 MHz shall be measured with a 10 kHz resolution bandwidth (see note in clause 
9.3.5). Figure 9.12 shows the nominal transmit PSDs with 13,5 dBm power for data rates of 256 kbit/s, 512 kbit/s, 768 
kbit/s, 1 536 kbit/s, 2 048 kbit/s and 2 304 kbit/s plus 8 kbit/s of overhead. 



NOTE 1: The nominal PSD is given for iirformation only. 



ETS\ 



50 



ETSI TS 101 524 VI .2.1 (2003-03) 



-30 r 



-40 



-50 



_ -60 



E 



Q 

W 

°- -80 



-90 



-100 




-110 1 i > i i ' 

0,2 0,4 0,6 0,8 1 

Frequency (MHz) 

Figure 9.12: Nominal symmetric PSDs for dB power bacl<-off 

NOTE 2; The out of band value (P3(f)) is under study and may change to reflect a common value for all DSL 
systems. 

9.4.2 Asymmetric 2 048 kbit/s and 2 304 kbit/s PSD masks 

The asymmetric PSD mask set specified in this clause shall optionally be supported for the 2 048 kbit/s and the 
2 304 kbit/s payload data rate. 

NOTE 1: Power and power spectral density are measured into a load impedance of 135 Q.. 

NOTE 2: Other optional asymmetric PSD masks are for further study. 
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For the 2 048 kbit/s and the 2 304 kbit/s payload data rates available in the LTU or MTU, the following set of PSD 
masks (PSDMASKgogLCf)) shall be selectable: 



PSDMASK 



SDSL 



(f) = 



r 



10 



— K 1 
R, f. 



. ( nf 

sin — 





1+ 








I fx J 







2xOrder 



MaskOffsetdB(f) 

xlO 10 [W/Hz] 



P^if) = -90 dBm/Hz peak with maximum power in a [f, f + 1 MHz] window of - 50 dBm 



f <fi„t 

fi„t <f <l,5MHz 
l,5MHz<f 



PBO = the Power Back-Off value in dB, as defined in clause 9.2.6 
^sdsi' 'x' *3dB Order are defined in table 9.1 1 
f = frequency in Hz 



Rs= 135n 



MaskOffsetdB(f) = 



[l + 0,4x^MB_^ [dB], f<f3<a 

[ 1 [dB], f>f3^ 



f|„, = lowest frequency above fg^g where the expressions for P.|(f) and Pglf) intersect 



fmax=1 1.040 MHz 



Table 9.11 : Asymmetric PSD parameters 



Payload data rate 


Transmitter 


^SDSL 


Order 


fx 


*3dB 


PSDSL 


(bit/s) 




2 

(V ) 




(Hz) 


(Hz) 


(dBm) 


2 048x103 bit/s 


LTU 


16,86 


7 


1 370 667 Hz 


548 267 Hz 


16,25 dBm 


2 048x103 bit/s 


NTU 


15,66 


7 


685 333 Hz 


342 667 Hz 


16,50 dBm 


2 304x103 bit/s 


LTU 


12,48 


7 


1 541 333 Hz 


578 000 Hz 


14,75 dBm 


2 304x103 bit/s 


NTU 


11,74 


7 


770 667 Hz 


385 333 Hz 


15,25 dBm 



For dB power back-off, the measured transmit power measured into a load impedance of 135 shall fall within the 
range P^dsl - where Ps^sl defined in table 9.11. For power back-off values other than dB, the measured 

transmit power measured into a load impedance of 135 H shall fall within the range Psdsl - minus the power 

back-off value in dB. The measured transmit PSD measured into a load impedance of 135 Q, shall remain below 
PSDMASKspsL(f)- The inband PSD for MHz < f < 1,5 MHz shall be measured with a 10 kHz resolution bandwidth 
(see note in clause 9.3.5). 

Figure 9.13 shows the asymmetric PSD masks with dB power back-off for payload data rates of 2 048 kbit/s and 
2 304 kbit/s. 
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Frequency (MHz) 



Figure 9.13: Asymmetric PSD masl<s for dB power back-off 

The equation for the nominal PSD measured at the terminals is: 
NominalPSDsDSL(f) = 

r 



Pi(f)=10 



< 



X — ai^x — X 



f 





2 

1 + 


r f \ 


f 







2xOider j 2 _|_ j 2 



[W/Hz] 



^ P3(f) = -90 dBm/Hz peak with maximum power in a [f, f + 1 MHz] window of - 50 dBm 
where: 

PBO = the Power Back-Off value in dB, as defined in clause 9.2.6 
Kgjj3|, f^, fgijg and Order are defined in table 9.1 1 
f = frequency in Hz 
Rs= 135i2 

fj, is the transformer cut-off frequency, assumed to be 5 kHz 

fi^, = lowest frequency above fg^jg where the expressions for P^(f) and P2(f) intersect 

fmax=11>040 MHz 



f < fint 

fi„, <f <l,5MHz 
l,5MHz<f 
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The inband PSD for MHz < f < 1,5 MHz shall be measured with a 10 kHz resolution bandwidth (see note in clause 
9.3.5). Figure 9. 14 shows the nominal transmit PSDs with dB power back-off for payload data rates of 2 048 kbit/s 
and 

2 304 kbit/s. 

NOTE 3; The nominal PSD is given for information only. 




0,4 0,6 
Frequency (MHz) 



Figure 9.14: Nominal asymmetric PSDs for dB power back-off 

NOTE 4; The out of band value (P3(f)) is under study and may change to reflect a common value for all DSL 
systems. 



10 Operation and maintenance 



10.1 Management reference model 

R-side REG-C REG-R REG-C REG-R C-side 
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Figure 10.1 : Management reference model 
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Figure 10.1 shows the management reference model for user data transport over SDSL. This example includes two 
regenerator units for informative purposes. The presence of two regenerators is not intended to be a requirement or 
limit. An SDSL segment is characterized by a metallic transmission medium utilizing an analogue coding algorithm, 
which provides both analogue and digital performance monitoring at the segment entity. An SDSL segment is delimited 
by its two end points, known as segment terminations. An SDSL segment termination is the point at which the analogue 
coding algorithms end and the subsequent digital signal is monitored for integrity. 

AU SDSL performance monitoring data is transported over the eoc. The fixed indicator bits in the SDSL frame losd, 
sega, segd and ps are used for rapid communication of interface or SDSL segment defects, which may lead to protection 
switching. In addition, the fixed indicator bits may be used for rapid alarm filtering SDSL segment failures. 

1 0.2 SDSL primitives and failures 

1 0.2.1 Cyclic Redundancy Check anomaly (CRC) 

A CRC anomaly shall be declared when the crc-bits generated locally on the data in the received SDSL frame do not 
match the crc-bits {crcl - crc6) received from the transmitter. A CRC anomaly only pertains to the frame over which it 
was declared. 

1 0.2.2 SEGment Anomaly (SEGA) 

An upstream segment anomaly shall be declared when any signal regenerator declares a CRC anomaly for an SDSL 
frame moving in the direction from NTU to LTU. A downstream segment anomaly shall be declared when any signal 
regenerator declares a CRC anomaly for an SDSL frame moving in the direction from LTU to NTU. A segment 
anomaly indicates that a regenerator operating on a segment has received corrupted data and therefore the regenerated 
data is unreliable. The purpose of segment anomaly is to ensure internal SDSL PMD integrity; it is not intended to be 
reported to an external management entity. A segment anomaly is indicated via the sega-hii in the SDSL frame. 

1 0.2.3 Loss of Sync Word defect (LOSW defect) 

This defect is indicated in the eoc through message ID 140 and from regenerators additionally through segd-hii. 

In plesiochronous mode, a LOSW defect shall be declared when at least 3 consecutive received frames contain one or 
more errors in the framing bits. The term framing bits shall refer to that portion of Sync word, stujfing bits and stujf 
indicator bits, which are used for frame synchronization. A LOSW defect shall be cleared when at least 2 consecutive 
received frames contain no errors in the framing bits. 

In synchronous mode, a LOSW defect shall be declared when at least 3 consecutive received frames contain one or 
more bit errors in the Frame Sync Word. A LOSW defect shall be cleared when at least 2 consecutive received frames 
contain no errors in the frame sync word. 

1 0.2.4 SEGment Defect (SEGD) 

An upstream segment defect shall be declared when any signal regenerator declares a LOSW defect for data moving in 
the direction from NTU to LTU. A downstream segment defect shall be declared when any signal regenerator declares a 
LOSW defect for data moving in the direction from LTU to NTU. A segment defect indicates that a regenerator has lost 
SDSL synchronization and therefore the regenerated data is unavailable. A segment defect shall be cleared when all 
regenerators have no LOSW defects. This primitive is typically reported to an external management entity and is used 
to ensure timely protection switching, alarm filtering, etc. A segment defect is indicated via the segd-hii in the SDSL 
frame. 

10.2.5 Loop Attenuation Defect 

A Loop Attenuation Defect shall be declared when the observed Loop Attenuation is at a level higher than the 
configured threshold (see clause 10.5.5.7.5). 
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10.2.6 SNR Margin Defect 

An SNR Margin Defect shall be declared when the observed SNR Margin is at a level lower than the configured 

threshold (see clause 10.5.5.7.5). SNR Margin is defined as the maximum dB increase in equalized noise or the 
maximum dB decrease in equalized signal that a system can tolerate and maintain a BER of 10"^. 

NOTE: The SNR Margin assumes additive Gaussian noise. 

1 0.2.7 LOSS of Sync Word Failure (LOSW failure) 

This defect is indicated in the eoc through message ID 141 and from regenerators additionally through segd-hit. 

An LOSW failure shall be declared after 2,5 s ± 0,5 s of contiguous LOSW defect. The LOSW failure shall be cleared 
when the LOSW defect is absent between 2 s and 20 s. The minimum hold time for indication of LOSW failure shall be 
2 s. 

10.2.8 Loss of local power 

The NTU shall indicate loss of local power to the LTU through ps-hit. The NTU shall be able to send the ps-bit in at 
least 1 and preferably 3 consecutive frames after losing local power. If the ps-bit is set for less than three frames, it is up 
to the apphcation at the LTU layer to determine the validity of the message. 

10.2.9 Loss Of Signal (LOS) 

The Loss Of Signal flag (LOS = ONE) indicates that no signal is detected on the line. LOS = ZERO indicates that a 
signal has been detected. The LOS at the NTU side is set to zero as soon as the S^, signal is detected. The LOS at the 
LTU side is set to zero as soon as the S^ signal is detected. LOS at the line side of the LTU, NTU or REG leads to a 
deactivation of the respective path after 2 s and therefore always results in an LOS message from the SDSL core to the 
Operation & Maintenance (O&M) functional block in the LTU. The LTU O&M unit cannot determine however the 
location of the fault. 

1 0.3 SDSL line related performance paranneters 

10.3.1 Code Violation (CV) 

The SDSL parameter Code Violation is defined as a count of the SDSL CRC anomalies occurring during the 
accumulation period. This parameter is subject to inhibiting - see clause 10.3.6. 

1 0.3.2 Errored Second (ES) 

The SDSL parameter Errored Second is defined as a count of 1 s intervals during which one or more CRC anomalies 
are declared and/or one or more LOSW defects are declared. This parameter is subject to inhibiting - see clause 10.3.6. 

1 0.3.3 Severely Errored Second (SES) 

The SDSL parameter Severely Errored Second is defined as a count of 1 s intervals during which at least 50 CRC 
anomalies are declared or one or more LOSW defects are declared. (50 CRC anomalies during a 1 s interval is 
equivalent to a 30 % errored frame rate for a nominal frame length.) This parameter is subject to inhibiting - see 
clause 10.3.6. 

1 0.3.4 LOSW Second (LOSWS) 

The SDSL parameter LOSW Second is defined as a count of 1 s intervals during which one or more SDSL LOSW 
defects are declared. 
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10.3.5 UnAvailable Second (UAS) 

The SDSL parameter Unavailable Second is a count of 1 s intervals for which the SDSL Une is unavailable. The SDSL 
line becomes unavailable at the onset of 10 contiguous SESs. The 10 SESs are included in the unavailable time. Once 
unavailable, the SDSL hne becomes available at the onset of 10 contiguous seconds with no SESs. The 10 s with no 
SESs are excluded from unavailable time. 

10.3.6 Inhibiting rules 

UAS parameter counts shall not be inhibited; 

ES and SES shall be inhibited during UAS. Inhibiting shall be retroactive to the onset of unavailable time and 
shall end retroactively to the end of unavailable time; 

the CV parameter shall be inhibited during SES. 

Further information on inhibiting rules and how ES and SES are decremented can be found in IETF/RFC 2495 [21]. 

1 0.4 Performance data storage 

Performance history for all SDSL segment endpoints shall be maintained at the LTU. In order to support SDSL 
performance history storage at the LTU, each SDSL network element shall monitor performance and maintain a modulo 
counter for each performance parameter that is specified in clauses 10.5.5.7.15 and 10.5.5.7.16, as appropriate. No 
initialization of these modulo counters is specified or necessary. By comparing the current reading of the modulo 
counter with the previous reading stored in memory, the data base manager in the LTU can determine the number of 
counts to add to the appropriate performance history bin. (Note that the number of counts may decrease under some 
fault conditions - see clause 10.3 for additional information.) The modulo counters are reported in the SDSL 
Performance Status Messages (see clauses 10.5.5.7.15 and 10.5.5.7.16). 

In order to monitor ES and SES, each SDSL element shall maintain a 1 s timer and an 8 bit modulo counter for each 
receiver. (An NTU or LTU shall have 1 counter. A signal regenerator shall have 2 counters.) The corresponding counter 
shall be incremented for every ES or SES that is declared. The LTU shall collect performance history by polling each 
SDSL network element with a time interval that precludes overflow of the modulo counter. The LTU should maintain 
performance history registers for each SDSL segment endpoint. The performance history registers shall include the total 
collected counts for the current 15 minute period, 32 previous 15 minute periods, current 24 hour period, and 7 previous 
24 hour periods. 

1 0.5 SDSL embedded operations channel (eoc) 
10.5.1 eoc management reference model 

The LTU shall maintain a management information database for external access by network management or via craft 
terminal interface. 

Optionally, the NTU may maintain a management information database, which can be locally accessed (through a craft 
terminal interface). This is particularly useful when the LTU, due to fault conditions, is unreachable via the eoc. 

Access to the management information database from craft terminal interfaces on attached units shall be provided 
through a virtual terminal interface. 
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1 0.5.2 eoc overview and reference model 

The eoc allows terminal units to maintain information about the span. There are two basic flows of data, differentiated 
by which terminal unit initiates the data flow (and subsequently stores the information for external access.) The data 
flow initiating from the LTU is mandatory. The data flow initiating from the NTU is optional, but all units must respond 
to requests in either direction of data flow. In all cases the "master database" shall be stored at the LTU and all conflicts 
shall be resolved in favour of the LTU (i.e. the information at the LTU takes precedence). The data flows are illustrated 
in table 10.1 for a 2 regenerator link (Q denotes a query or command message, R denotes a response message). Up to 
8 regenerators are supported by the protocol definition. Asterisks denote optional message transmissions. 



Table 10.1 : Illustration of eoc flow with 2 regenerators 



Messages from LTU 


Messages from REG1 


Messages from REG2 


Messages from NTU 


Msg(src,dest) 


Msg(src,dest) 


Msg(src,dest) 


Msg(src,dest) 


Q(1,3) ^ 


^ Process 






Process <r 


^ R(3,1) 






Q(1,4) ^ 


^ Forward ^ 


^ Process 




Process <- 


<- Forward <- 


^ R(4,1) 




Q(1,2) ^ 


Fonward 


Forward 


^ Process 


Process <r 


<- Forward <- 


<- Forward <- 


^R(2,1) 














Process 4- 


-^0(2,3)* 






R(3,2) ^ 


^ Process 




Process <- 


<- Forward <- 


^Q(2,4)* 




R(4,2) 


^ Forward ^ 


Process 


Process <- 


<- Forward <- 


<- Forward <r 


-^Q(2,1)* 


R(1,2) ^ 


Forward 


Forward 


^ Process 


NOTE: * indicates optional messages. 



The data link layer of SDSL eoc checks the FCS and if valid passes the packet to the network layer. If the CRC is 
invahd the entire packet is ignored. The network layer consists of three possible actions: Process, Forward, and 
Ignore/Terminate. Process means that the source address and HDLC information field are passed on to the application 
layer. Forward means that the packet is sent onward to the next SDSL element. (Note that only REGs will forward 
packets.) Ignore/Terminate means that the HDLC packet is ignored and is not forwarded. An REG may both process 
and forward a packet in the case of a broadcast message. If the segment is not active in the forwarding direction, the 
REG shall discard the packet instead. When the segment is active in the forwarding direction, the maximum forwarding 
delay in an REG shall be 300 ms. All retransmission and flow control is administered by the LTU or NTU. 

To accommodate the dual data fiows, SDSL regenerators have dual addresses as shown in table 10.1. One address is for 
communication with the LTU and the other address is for communication with the NTU. During Discovery, the LTU 
and optionally the NTU send discovery probe messages, which propagate across the span and allow the REGs to be 
numbered via a hop count field in the message. This process is explained in detail below. 

The SDSL terminal units conomunicate unidirectionally and thus have only one address. The LTU is assigned a fixed 
address of 1 and the NTU is assigned a fixed address of 2. At power-up, each REG is assigned the address of for each 
direction. Under a LOSW failure condition, the REG shall reset its source address to for the direction in which the 
LOSW failure exists. The REG source address shall be changed from if and only if a discovery probe message is 
received and processed. In this way, a regenerator wiU only communicate in the direction of a database. For instance, if 
a regenerator receives a probe message from the LTU and not from the NTU then its address wiU remain in the 
direction towards the remote. 

10.5.3 eoc start-up 

After loop activation, the SDSL eoc goes through three initialization stages: Discovery, Inventory and Configuration. 
During Discovery, the LTU and optionally the NTU will learn if any mid-span regenerators exist and their addresses 
will be determined. During Inventory, the LTU will poll each REG and the NTU to estabUsh inventory information on 
each element for the terminal unit's database. (Similarly, the NTU may poll each REG and the LTU to establish its own 
database, although this is optional.) During Configuration, the LTU configures the NTU and any REGs for alarm 
thresholds, signal characteristics, etc. There is no enforcement of the order or time of the Inventory and Configuration 
phases; the initiating LTU or NTU is in control. 
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Table 10.2 is an example of Discovery starting from the LTU and then followed by an optional Discovery initiated by 
the NTU. Although these are shown sequentially in this example, they are actually independent; it is not necessary for 
the NTU to wait until it received the probe from the LTU before initiating its own Discovery phase. The NTU may send 
its probe as soon as its eoc is active. The Discovery Response contains the current hop count, the vendor ID, eoc version 
and an indication of LOSW in the forward direction (i.e. in the direction of eoc flow that is opposite to the direction that 
the Discovery Response is sent). 



Table 10.2: Illustration of eoc discovery phase 



Messages from LTU 
Msg(src,dest,h) 


Messages from 
REG1 

Msg(src,dest,h) 


Messages from 
REG2 

Msg(src,dest,h) 


Messages from 
NTU 

Msg(src,dest,h) 


DP(1,0,0)^ 










<- DR(3,1,1) 








DP(0,0,1)^ 








Forward <- 


^ DR(4,1,2) 








DP(0,0,2)^ 






Forward <- 


Forward <- 


<- DR(2,1,3) 








<- DP(2,0,0) 






DR(3,2,1)^ 








<- DP(4,0,1) 






DR(4,2,2)^ 


^Forward 






^ DP(3,0,2) 






DR(1,2,3) ^ 


^Forward 


-^Forward ^ 




NOTE: h = hop count, DP = Discovery Probe, DR = Discovery Response. 



After the initiator (LTU and optionally NTU) has received a Discovery Response message from an element, it shall then 
begin the Inventory phase for that particular element. This is accompUshed by polling that particular element for its 
inventory information. After the initiator has received the inventory information for a unit, it shall then begin the 
Configuration phase by sending the appropriate configuration information to the corresponding element. The Inventory 
and Configuration phases operate independently for each responding terminal/regenerator unit. 

To ensure interoperabiUty, the behaviour of slave or responding units is carefully specified by the present document. 
The particular method for handling dropped packets or no response is left to the discretion of the initiating LTU or 
NTU. 

Table 10.3 shows the eoc state table for the network side of an REG. Note that an identical, but independent, state 
machine exists for the customer side of an REG to support messages originating from the NTU. 

The state machine consists of 3 states: Offline, Discovery, and eoc Online. The Offline state is characterized by LOSW 
failure (a loss of SDSL sync). The Discovery state is characterized by an unknown address. Once the address is learned 
through the Discovery message, the REG enters the eoc onhne or active state. At this point, the REG will respond to 
inventory, configuration, maintenance, or other messages from the LTU. 
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Table 10.3: REG network eoc state table 



Offline state 



Event 


Action 


Network LOSW = 


eoc state = Discovery Ready; 


Discovery ready state 


Event 


Action 


Network LOSW = 1 


Network eoc address = 0; 
Network eoc state = offline; 


Discovery probe message received from tfie 
network side 


Increment hop count 

Set network eoc address to hop count + 2; 

Compose and present Discovery message to customer side 

application layer; 

Send Discovery response to LTD; 

Network eoc state = eoc online; 


Message witli address not equal to unit's 
address received from the Network side. 


Request forwarding of the message from the Customer side 
network layer; 


Message fonwarding requested from customer 
side 


Send requested message toward network if eoc idle; 


eoc oniine state 


Event 


Action 


Network LOSW = 1 


Network eoc Address = 0; 
Network eoc State = Offline; 


Discovery message received from the network 
side 


Increment hop count 

Set network eoc address to hop count + 2; 

Compose and present Discovery message to customer side 

application layer; 

Send Discovery Response to LTU; 


Message with broadcast destination address 
received from the Network side 


Process the message; 

Request the customer side eoc network layer to forward the 

message; 


Message with unit's destination address or 
address received from the network side 


Process the message; 


Message with address not equal to unit's 
address received from the network side 


Request fonwarding of message from the customer side 
network layer; 


Message fonwarding requested from customer 
side network layer 


Send requested message toward network as soon as eoc 
available 



10.5.4 Remote management access 

The LTU shall maintain the master management database for each SDSL segment. (An optional second database is 
maintained at the NTU.) Other units are only required to store enough information to accurately send information via 
the eoc. The information contained in the master database shall be accessible from any SDSL unit that has a craft 
terminal port and from network management if it is available. The craft terminal access is in the form of a virtual 
terminal interface (or virtual craft terminal interface). This interface is defined so that it can be used by any attached 
unit to access the terminal screen of another unit. Support for this feature is optional, with the exception of the LTU, 
which shall support the host side of at least one remote terminal connection. (Whether this interface can be active 
simultaneously with local craft terminal access to the LTU is a vendor decision and beyond the scope of the present 
document.) The virtual terminal interface consists of connect, disconnect, keyboard, and screen messages. After a 
coimection has been established, input characters from the craft terminal port are sent in keyboard data messages to the 
host unit. The host unit, in turn, shall send information in the form of ASCII text and ASCII control codes, and screen 
control functions in screen messages, whose contents are transmitted back to the craft terminal port. The host unit shall 
echo characters. 

The method for determining that remote access through the local craft terminal port is desired or should be terminated is 
vendor specific, and beyond the scope of the present document. Whatever method is used, capability for transmitting aU 
valid key sequences (ASCII characters and control codes) shall be provided. 
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10.5.5 eoc transport 

The eoc shall be transported in the SDSL frame in bits eocl through eoc20. Five octets are contained in each two SDSL 
frames, with specified alignment. The least significant bit (LSB) of the octets are located in bits 1, 9, and 17 of the eoc 
bits in the first frame and bits 5 and 13 of the second frame; each octet is transmitted LSB first. Octet alignment across 
frames is achieved through detection of the aligimient of the HDLC sync pattern (7Ejg). 

1 0.5.5.1 eoc data format 

Numerical data and strings are placed in the eoc with octet aligimient. Data items that are not an integral number of 
octets may be packed together to minimize message sizes. 

Numerical fields shall be transmitted most significant octet first, least significant bit first within an octet. 

Strings shall be represented in the data stream with their first character (octet) transmitted first. Strings shall be padded 
with spaces or terminated with a NULL (OOjg) to fill the allocated field size. String fields are fixed length so characters 
after a NULL in a string data field are "don't care". 

1 0.5.5.2 eoc frame format 

The eoc channel shall carry messages in an HDLC-Uke format as defined in ITU-T Recommendation G.997.1 [8], 
clause 6.2. The channel shall be treated as a stream of octets; all messages shall be an integral number of octets. 

The frame format uses a compressed form of the HDLC header, as illustrated in table 10.4. The destination address field 
shall be the least significant 4 bits of octet 1; the source address field shall occupy the most significant 4 bits of the 
same octet (the address field). There is no control field. One or more sync octets (7Ejg) shall be present between each 
frame. Inter-frame fill shall be accomplished by inserting sync octets as needed. Discovery probe messages shall be 
preceded by at least 5 sync octets to assure proper detection of octet alignment. The Information Field contains exactly 
one message as defined below. The maximum length of a frame shall be 75 octets, not including the sync pattern or any 
octets inserted for data transparency. 



Table 10.4: Frame format for SDSL eoc 





MSB 


1 LSB 




Octet # 


Contents 






Sync pattern (7E-|e) 




1 


Source address 
bits 7.. 4 


Destination address 
bits 3..0 




2 


Message ID per table 10.6 


information 




Message content - octet 1 


field 










Message content - octet L 




L + 3 


PCS octet 1 




L + 4 


PCS octet 2 






Sync pattern (7E.|g) 





10.5.5.3 Data transparency 

Transparency for the information payload to the sync pattern (J^i^ and the control escape pattern (7Djg) shall be 
achieved by octet stuffing. 

Before transmission: 

octet pattern (J^i^ is encoded as two octets (7D2g), (SEjg); 

octet pattern (7D2g) is encoded as two octets (J^i^-, (SDjg). 
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At reception: 

octet sequence (7Djg), (5Ejg) is replaced by octet (7Ejg); 
octet sequence (7Djg), (5Djg) is replaced by octet (7Djg); 
any other two-octet sequence beginning with 7Djg aborts the frame. 

1 0.5.5.4 Frame Check Sequence 

The Frame Check Sequence (FCS) shall be calculated as specified in IETF/RFC 1662 [14]. (Note that the FCS is 
calculated before data transparency.) The FCS shall be transmitted as specified in IETF/RFC 1662 [14]: Bit 1 of the 
first octet is the MSB and bit 8 of the second octet is the LSB, i.e. the FCS bits are transmitted reversed from the normal 
order. 

10.5.5.5 Unit addresses 

Each unit uses one source and destination address when communicating with upstream units and a separate independent 
source and destination address when communicating with downstream units. Each address shall have a value between 
(Oig) and (Fjg). Units shall be addressed in accordance with table 10.5. Address (F^g) may only be used as a destination 
address and shall specify that the message is addressed to aU units. Address (Ojg) is used to address the next attached or 
adjacent unit. 



Table 10.5: Device addresses 



Address (Base.|e) 


Device 





Adjacent device 


1 


LTU 


2 


NTU 


3-A 


Regenerators 1 - 8 


B-E 


Reserved (D and E not allowed) 


F 


Broadcast message to all stations 


NOTE: The present document is not intended to indicate how many 

regenerators can or should be supported by a product; only how 
to Identify them If they exist. 



10.5.5.6 Message IDs 

Table 10.6 summarizes message ID and expected message lengths. Message IDs are listed as decimal numbers. 
Messages 0-64 represent request messages. Messages 128-192 represent messages that are sent in response to request 
messages. Each request message is acknowledged with the corresponding response. Request/Response Message IDs 
usually differ by an offset of 128. 



Table 10.6: Summary of Message IDs 



Message 
ID(decimal) 


Message type 


Initiating Unit 


Reference 
(clause) 





Reserved 






1 


Discovery Probe 


LTU, NTU*, REG 


10.5.5.7.1 


2 


Inventory Request 


LTU, NTU* 


10.5.5.7.3 


3 


Configuration Request - SDSL 


LTU 


10.5.5.7.5 


4 


Reserved for Application Interface Configuration 






5 


Configuration Request - Loopbacl< Time-Out 


LTU, NTU* 


10.5.5.7.6 


6 


Virtual Terminal Connect Request 


NTU*, REG* 


10.5.5.7.17 


7 


Virtual Terminal Disconnect Request 


NTU*, REG* 


10.5.5.7.17 


8 


Keyboard Data Message 


NTU*, REG* 


10.5.5.7.18 


9 


Maintenance Request - System Loopback 


LTU, NTU* 


10.5.5.7.19 


10 


Maintenance Request - Element Loopback 


LTU, NTU* 


10.5.5.7.20 


11 


Status Request 


LTU, NTU* 


10.5.5.7.12 


12 


Full Status Request 


LTU, NTU* 


10.5.5.7.13 
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■ v\ wi ■■mil 




Initiatinn 1 Init 

II lllldlll lU Ul III 


ncici tsi iLrc 

^rlau^p^ 

y viauoc 1 


13-14 


RpcprupH 






1 5 


*^nft Rpc;t?irt/Pnwpr hprk-nff Di^pihlp Rpniip*^t 


LTD 


1 5 7 22 


1 6 


RpcprwpH /Fiitiirp^ 






-| 7 


ATM CpII Rtati]«5 Rpniipqt 


LTU NTU 

1_ 1 \J , 1^1 


A.8.4.7 


18 


NTI 1 Cnnf ini iratinn Rpnup^t - Mananpmpnt 


LTU 


10 5 5 7 9 


1 9 


RpcprupH fnr Vnirp TranQrinrt Rpniip^t ^Fiitiirp^ 


I InHpfinpH 

1 lUC 1 1 1 ICU 




20 




LTU NTU 


A.6.7.1 


21 


1 APVR POTR anrl ISDN <5Ptiin Rpniip<5t 


LTU 


A.10.6 


22 


Dpartivatinn rpniip<^t 


LTU REG NTU 

L_ 1 all ■ 1 ^ 1 


D.I. 3.1 


23 - 63 


Rpcprv/prj ^Fiitiirp^ 






64-88 


Reserved for Line Management Request 


Undefined 


10.5.5.7.23 


89-111 


Reserved 






112-119 


Proprietary Message 


Undefined 


10.5.5.7.24 


120 


External Message 


Undefined 


10.5.5.7.25 


121 


G.997.1 Message 


LTU*, NTU* 


10.5.5.7.26 


122-124 


Reserved 






125-127 


Excluded (7DHfi, 7EHfi, 7Fhr) 

\ 1 (J 1 U 1 \J' 






128 


RpcprwpH 






129 


Di'^mvprv Rp<;nfin<5P 


all 


10.5.5.7.2 


1 30 


Invpntnrv RpcinnnQP 


all 


10.5.5.7.4 


131 


r^nnf ini iratinn Rpc;nnn<^p - 


NTU REG 


10.5.5.7.7 


132 


RpcprupH for Annlifatinn Intprfapp Onnfiniiratinn 

llOOdVCU \\J\ r^Y-'f-'' I^CILIVJI 1 III IC7I 1 Clv^C V-/ W 1 III^UI dllVJI 1 






133 


Onnfiniiratinn Rp^nnn^p - 1 nnnhark Timp-Out 


all 


10 5 5 7 8 


134 


Virtual Tprminal Onnnprt Rp^nnn^p 

V 11 LLJCll 1 d 1 1 ill ICll V-^ w 1 11 iCI_rl 1 IwOk^WI IOC 


LTU REG* NTU* 

1 1 l_/ , 1 1 1 , 1 >l 1 \^ 


10 5 5 7 17 


1 35 








136 


Qfrppn Data Mp<5<5anp 

ool o o 1 1 Ly did ivicooclUc 


LTU REG* NTU* 

1 1 \J J 1 11 V_<l J 1 >l 1 \J 


10 5 5 7 18 


137 


Maintpnanrp Statu*? 

IVIClll 1 LCI ICll I\jC ^LCllLilO 


all 


10 5 5 7 21 


1 38 


1 iCod V 






1 39 


O LCllUO/ 1 N 1 I 


all 


10 5 5 7 14 


140 


Pprfnrmanpp f^tatii*? f^Df^l Nptwnrk ?^iHp 

1 CI 1 vy 1 1 1 Idl i\.fC wlClLUO 1— ' 1— INC L VV r\ >_7iUC 


REG NTU 

1 1 1 \^ J 1 M 1 \J 


10 5 5 7 15 


141 


Pprfnrmanrp Status RDfil Ou^tnmpr fiidp 

1 CI lUI 1 1 lai l\^C ^LCILLIO \mfl-/\Jl — >^UOLWI 1 ICI ^lUC 


LTU, REG 


10 5 5 7 16 


142 


RpcprvpH fnr Annliratinn Intprfarp Pprfnrmanrp 






143 


RpcprupH ^Fiiturp^ 






144 


Gpnprir Unahip tn Cnmnlv ^UTH^ 




1 5 5 7 27 


145 


ATM CpII Status Information 

I \ 1 1 V 1 ^^C 1 1 LCI LUO III 1 wl 1 1 1 CiLI wl 1 


all 


A.8.4.8 


146 


Onnfiniiratinn RpQnnn<5P - Mananpmpnt 

\^KJ 1 III^UlClLIL/ll 1 lCO|.JUI lo^ 1 Vldl ICl^d lid 11 


NTU REG* 

1 >l 1 \J J 1 I 1 Xwl 


10 5 5 7 10 


147 


RpcprupH fnr Vnipp Tran^nnrt Rpc;nnnc;p ^Fiitiirp^ 

1 iCoCI V CVJ l\Jl V \J\\jK^ lldllO^UIL llCo|JWIIoC yi Liiuicy 


I InHpfinpH 

\J 1 lUC 1 1 1 ICU 




148 


ISDN RpQnnnQP 

1 O 1— ' 1 N 1 iCOL/wl IOC 


LTU NTU 

1— 1 W ] 1 '1 1 KJ 


A.6.7.1 


149 


LAPVS POTS and ISDN qptiiD Rp'?Don=;p 

1 — #11 V \J I V— / 1 \J CLI l\A 1 V— ' 1— ' 1 >l OdU|i.y 1 lCO|i.yV^I IOC 


NTU 


A.10.6 


150 


Deactivation Acknowledge 


LTU, REG,NTU 


D.I. 3.2 


151 - 191 


Reserved (Future) 






192-216 


Segment Management Response (reserved) 


Undefined 


10.5.5.7.23 


217 - 239 


Reserved (Future) 






240 - 247 


Proprietary Message Response 


Undefined 


10.5.5.7.2 


248 - 252 


Reserved 






253 - 255 


Excluded (FD^e, FE^g, FF^q) 






NOTE; * denotes optional support. A unit may initiate this message. 



10.5.5.7 Message contents 

Each message shall have the contents in the format specified in table 10.4 through table 10.6. If any message has a 
message length longer than expected and is received in a frame with a valid PCS, then the known portion of the 
message shall be used and the extra octets discarded. This will permit addition of new fields to existing messages and 
maintain backward compatibility. New data fields shall only be placed in reserved bits after the last previously defined 
data octet. Reserved bits and octets shall be filled with the value (OOjg) for forward compatibiUty. 

Response messages may indicate UTC (Unable to Comply.) Note that this is not in indication of non-compliance. UTC 
indicates that the responding unit was unable to implement the request. 
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10.5.5.7.1 Discovery Probe - Message ID 1 

The Discovery Probe message shall be assigned Message ID 1, and is used to allow a LTU or NTU to determine how 
many devices are present and assign addresses to those units. 



Table 10.7: Discovery Probe Information Field 



Octet # 


Contents 


Data type 


Reference 


1 


1 


Message ID 




2 


Hop count 


unsigned character 


clause 10.5.3 



10.5.5.7.2 Discovery Response - Message ID 129 

The Discovery Response message shall be assigned Message ID 129. This message shall be sent in response to a 
Discovery Probe Message. The Hop Count field shall be set to 1 larger than the value received in the Discovery Probe 
Message causing the response. (The Full Receive State Machine is described in table 10.3.) Forward LOSW indication 
means that the segment is down in the forward direction from the REG. In this case, the REG is unable to forward the 
Discovery Probe message to the adjacent unit and it reports this fact to the initiating LTU or NTU. The Forward LOSW 
octet field shall be set to (00 jg) for responses from a LTU or NTU. 



Table 10.8: Discovery Response Information Field 



Octet # 


Contents 


Data Type 


Reference 


1 


129 


Message ID 




2 


Hop count 


Unsigned character 


clause 10.5.3 


3 


Reserved 






-4-11 


Vendor ID (ordered identically to bits in 
G.994.1 Vendor ID) 






12 


Vendor eoc Software Version 


Unsigned character 




13 


SDSL version # 


Unsigned character 




14 bits 7.. 1 


Reserved 






14 bit 


Fonward LOSW indication, eoc unavailable 


Bit 


1 = Unavailable 
= Available 



1 0.5.5.7.3 Inventory Request - Message ID 2 

The Inventory Request message shall be assigned Message ID 2. This message is used to request an Inventory Response 
from a particular unit. It shall only be transmitted by LTU or NTU devices. There shall be no octets of content for this 
message. 



Table 10.9: Inventory Request Information Field 



Octet # 


Contents 


Data type 


Reference 


1 


2 


Message ID 
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10.5.5.7.4 Inventory Response - Message ID 130 

The Inventory Response message shall be assigned Message ID 130. This message shall be sent in response to an 
Inventory Request message. 



Table 10.10: Inventory Response Information Field 



Octet # 


Contents 


Data type 


Reference 


1 


130 


Message ID 




2 


SDSL version # 


Unsigned character 




3-5 


Vendor list # 


3 octet string 




6-7 


Vendor issue # 


2 octet string 




8-13 


Vendor software version 


6 octet string 




14-23 


Unit identification code 


1 octet string 




24 


Reserved 






25-32 


Vendor ID (ordered identically to bits in 
G.994.1 Vendor ID) 






33-44 


Vendor model # 


1 2 octet string 




45-56 


Vendor serial # 


12 octet string 




57-68 


Other vendor information 


1 2 octet string 





10.5.5.7.5 



Configuration Request - SDSL - Message ID 3 



The Configuration Request - SDSL message is transmitted by the LTU to configure the SDSL interface(s) of attached 
units. This message may be broadcast or addressed to specific units. It is acknowledged with a Configuration 
Response - SDSL message. For SDSL, SNR is measured internal to the transceiver decision device as opposed to the 
external segment termination. The "Off" setting indicates that threshold crossings are not reported. Loop Attenuation 
and SNR Margin are local alarms that are reported in Messages 140 and 141. In addition, these alarms may be 
physically indicated on the equipment. SDSL Loop Attenuation shall be defined as follows: 



LoopAttensDsAH)- 



10 log 



df- 



10 log 



10 



1=0 



n=0 



df 



where /^^^ is the symbol rate. 



is the insertion loss of the loop, and S{f) is the nominal transmit PSD. 



Table 10.11 : Configuration Request - SDSL Information Field 



Octet # 


Contents 


Data Type 


Reference 


1 


3 


Message ID 




2 bit 7 


Config Type 


Bit 


= normal, 1 = Read only 


2 bits 6..0 


SDSL Loop Attenuation threshold (dB) 


Enumerated 


= off, 1 to 127 


3 bits 7.. 4 


SDSL SNR Margin threshold (dB) 


Enumerated 


O = off, 1 to 15 


3 bits 3..0 


Reserved 




set to 
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1 0.5.5.7.6 Configuration Request - Loopback Time-Out - Message ID 5 

The Configuration Request - Loopback Time-Out message is transmitted by the LTU (and optionally the NTU) to set 
loopback time-outs for individual elements. If a loopback is not cleared before the expiration of the time-out, then the 
element shall revert to normal operation. This message may be broadcast or addressed to specific units. It is 
acknowledged with a Configure Response - Loopback Time-Out message. If date and time information is sent in 
octets 4 to 21, then these strings shall conform to ISO 8601 [18]. If date and time information is not sent, then these 
fields shall be filled with zeros. 



Table 10.12: Configuration Request - Loopback Time-Out Information Field 



Octet # 


Contents 


Data Type 


Reference 


1 


5 


Message ID 




2 bit 7 


Config Type 


Bit 


= normal, 

1 = Read-only 


2 bits 6..4 


Reserved 






2 bits 3..0 - 3 


Loopbacl< time-out 


12-bit unsigned integer 


In minutes, = no timeout 


4-13 


YYYY-MM-DD 


1 octet date string 


ISO 8601 [1 8] 


14-21 


HH:MM:SS 


8 octet time string 


ISO 8601 [18] 



10.5.5.7.7 Configuration Response - SDSL - Message ID 131 

The Configuration Response - SDSL message is transmitted to the LTU in response to a Configuration Request - SDSL 
message. This response is sent after the applicable configuration changes have been made. The values of the response 
shall be set to the new values, after they have been apphed. If a transceiver unit is unable to comply with the request, 
the bit in the Compliance Octet is set and the current settings are reported. If the Config Request message was received 
with a Config Type of "Read-Only," then no changes are made to the current configuration and the current values are 
reported. 



Table 10.13: Configuration Response - SDSL Information Field 



Octet # 


Contents 


Data Type 


Reference 


1 


131 


Message ID 




2 bits 7..1 


Reserved 






2bit0 


UTC (Unable to Comply) 


Bit 


= OK, 1 = UTC 


3 


SDSL Loop Attenuation threshold (dB) 


Char 


= off, 1 to 127 


4 bits 7. .4 


SDSL SNR Margin threshold (dB) 


Enumerated 


O = off, 1 to 15 


4 bits 3..0 


Reserved 




set to 



1 0.5.5.7.8 Configuration Response - Loopback Time-Out - Message ID 1 33 

The Configuration Response - Loopback Time-Out message is transmitted to acknowledge the Configuration 
Request - Loopback Time-Out message. This response is sent after the applicable configuration changes have been 
made. The values of the response shall be set to the new values, after they have been applied. If a transceiver unit is 
unable to comply with the request, the bit in the Compliance Octet is set and the current settings are reported. If the 
Config Request message was received with a Config Type of "Read-Only", then no changes are made to the current 
configuration and the current values are reported. 



Table 10.14: System Loopback Time-Out Response Information Field 



Octet # 


Information Field 


Data Type 


Reference 


1 


133 


Message ID 




2 bits 7..1 


Reserved 






2bit0 


UTC (Unable to Comply) 


bit 


= OK, 1 = UTC 


3 bits 7.. 4 


Reserved 






3 bits 3..0 - 4 


Loopback time-out 


12-bit unsigned integer 


In minutes, 
= no timeout 


5 - 14 


YYYY-MM-DD 


10 octet date string 


ISO 8601 [18] 


15-22 


HH:MM:SS 


8 octet time string 


ISO 8601 [18] 
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10.5.5.7.9 NTU Config Request - Management: Message ID 18 

The Config Request - Management message is transmitted by the LTU to enable or disable NTU initiated management 
flow. The destination address shall be F^g to indicate this is a broadcast message. NTU Initiated Management Flow is 

enabled by default. When disabled, an NTU shall not respond to any NTU-initiated Request messages, and the NTU 
shall not issue any such messages (messages 2-12). Config Type of Read-Only indicates that the addressed unit ignore 
the subsequent values in the message and report back its current configuration. 



Table 10.14a: NTU Config Request - Management: Message ID 18 



Octet # 


Contents 


Data Type 


Reference 


1 


iVIessage ID - 18 


Message ID 




2 Bit? 


Config Type 


Bit 


0-normal, 1-Read-Only 


2 Bits 6.. 1 


Reserved 






2BitO 


NTU Initiated Management Flow 


Bit 


0-Enable, 1 -Disabled 



10.5.5.7.10 Config Response - Management message: Message ID 146 

Config Response - Management message is sent by all units to acknowledge to the Config Request - Management 
message. 



Table 10.14b: Config Response - Management message: Message ID 146 



Octet # 


Contents 


Data Type 


Reference 


1 


Message ID - 146 


Message ID 




2 Bits 7..1 


Reserved 






2BitO 


UTC (Unable to Comply) 


Bit 


0-OK, 1-UTC 


3 Bits 7..1 


Reserved 






SBitO 


NTU Initiated Management Flow 
Status 


Bit 


0-Enabled, 1 -Disabled 



1 0.5.5.7.1 1 Status Request - Message ID 1 1 

The Status Request message is used to poll an element for alarm and general performance status. 
The relevant status response messages are: 

status/SNR Response - 139 (see clause 10.5.5.7.13); 

SDSL Network Side Performance Status - 140 (see clause 10.5.5.7.14); 

SDSL Customer Side Performance Status - 141 (see clause 10.5.5.7.15); 

maintenance Status - 137 (see clause 10.5.5.7.20). 

In the optional four-wire mode, messages 139, 140, and 141 contain status information that is specific to a particular 
pair. In this case, two messages each (one corresponding to each pair) of types 139, 140, and 141 may be sent by the 
polled unit in response to a status request message. 

If no active alarm, fault or maintenance conditions exist and there is no change in any of the values of the performance 
monitoring fields then the polled unit shall respond with the Status/SNR Response - 139 (clause 10.5.5.7.13). If no 
active alarm, fault or maintenance conditions exist and the only change in any of the values of the performance 
monitoring fields is in the SNR margin then the poUed unit shall respond with the Status/SNR Response - 139 (see 
clause 10.5.5.7.13). 

If active alarm, fault or maintenance conditions exist then the polled unit shall respond with the messages that 
correspond to the active conditions. 

If there has been any change in performance status other than SNR margin since the last time a unit was polled then the 
unit shall respond with the messages which contain the change in performance status. 
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Table 10.15: Status Request Information Field 



Octet # 


Information field 


Data type 


1 


Message ID - 11 


Message ID 



1 0.5.5.7.1 2 Full Status Request - Message ID 1 2 

The Full Status Request message is used to poll an element for its complete current status. The following messages shall 
be sent in response to the Full Status Request: 

SDSL Network Side Performance Status (see clause 10.5.5.7.14); 

SDSL Customer Side Performance Status (see clause 10.5.5.7.15); 

- Maintenance Status (see clause 10.5.5.20). 

In the optional four-wire mode, the following messages shall be sent in response to the Full Status Request: 

SDSL Network Side Performance Status (clause 10.5.5.7.14) - related to Loop 1; 

SDSL Network Side Performance Status - related to Loop 2; 

SDSL Customer Side Performance Status (clause 10.5.5.7.15)- related to Loop 1; 

SDSL Customer Side Performance Status - related to Loop 2; 

Maintenance Status (see clause 10.5.5.20). 



Table 10.16: Full Status Request Information Field 



Octet # 


Information Field 


Data Type 


1 


Message ID - 12 


Message ID 



1 0.5.5.7.1 3 Status Response/SNR - Message ID 1 39 

The Performance Status OK/SNR message shall be sent in response to the Status Request message under the conditions 
specified in clause 10.5.5.7.11. The reported integer represents dB SNR noise margin values rounded up. Because each 
LTU or NTU only connects to one SDSL segment, the application interface side SNR margin data shall be 0. 
(The network side SNR margin shall be at the LTU and the customer side SNR margin shall be at the NTU.) 



Table 10.17: Status Response OK/SNR Information Field 



Octet # 


Information Field 


Data Type 


1 


Message ID - 139 


Message ID 


2 


Network Side SNR Margin (dB) 


Signed char (127 = Not Available) 


3 


Customer Side SNR Margin (dB) 


Signed char (127 = Not Available) 


4 


Loop ID 


Unsigned char (1 = Loop 1,2 = Loop 2) 



10.5.5.7.14 SDSL Network Side Performance Status - Message ID 140 

This message provides the SDSL network side performance status. Device Fault shall be used to indicate HW or SW 
problems on the addressed unit. The definition of Device Fault is vendor dependent but is intended to indicate 
diagnostic or self-test results. DC Continuity Fault shall be used to indicate conditions that interfere with span powering 
such as short and open circuits. The definition of DC Continuity Fault is vendor dependent. 

In octet 11, bits 7.. 4 are used to indicate that an overflow or reset has occurred in one or more of the modulo counters. 
Bits 7 and 5 shall indicate that an overflow has occurred since the last SDSL Network Side status response. For 
example, if more than 256 Errored Seconds occur between SDSL Network Side status responses, then the ES modulo 
counter will overflow. Bits 6 and 4 shall be used to indicate that one or more of the modulo counters have been reset for 
any reason (e.g. system power-up or a non service-affecting reset). Bits 7 and 6 shall be cleared to after a SDSL 
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Network Side status response is sent to the LTU. Bits 5 and 4 shall be cleared to after a SDSL Network Side status 
response is sent to the NTU. 



Table 10.18: SDSL Network Side Performance Status Information Field 



wLrlCl rr 


WUI lid lid 


Data Tuno 


ridd d iwc 


i 
1 




IVIcbbciyc; lU 




hit 7 
Ull / 








hit 
ull D 


IM - rUWci DaOI\-Ull OLaLUb 


Pit 
DM 


\j — UcldUll 

1 = selected 


hit 

UIL O 


LJt;VIL/U rdUll 


Rit 

Dll 


n - Ok" 1 - Fpi lit 

U — wr\, 1 — rdUIL 


bit 4 


N - DC Continuity Fault 


Bit 


= OK, 1 = Fault 


Kit o 

DIt o 


N - SNR Margin alarm 


Dll 


u — ur\, 1 — alarm 


DIt ii 


N - Loop Attenuation Alarm 


mt 


u = ur\, \ = alarm 


bit 1 


N - SDSL LOSW Failure Alarm 


Bit 


= OK, 1 = alarm 


bit 


Reserved 




set to 


3 


N - SDSL SNR Margin (dB) 


Signed char (127 = NA) 




4 


N - SDSL Loop Attenuation (dB) 


Signed char (-128 = NA) 




5 


N - SDSL ES Count modulo 256 


Unsigned char 




6 


N - SDSL SES Count modulo 256 


Unsigned char 




7-8 


N - SDSL CRC Anomaly Count modulo 
65,536 


Unsigned int 




9 


N - SDSL LOSW Defect Second Count 

modulo 256 


Unsigned char 




10 


N - SDSL UAS Count modulo 256 


Unsigned char 




1 1 bit 7 


N - Counter Overflow Indication to LTU 




= OK 

1 = Overflow 


1 1 bit 6 


N - Counter Reset Indication to LTU 




= OK 

1 = Reset 


11 bit 5 


N - Counter Overflow Indication to NTU 




= OK 

1 = Overflow 


1 1 bit 4 


N - Counter Reset Indication to NTU 




= OK 

1 = Reset 


11 bits 3 ..0 


N-Power Back-Off Base Value (dB) 


Unsigned char 


.. 15 


12 bit 7 


N-Power Back-off Extension (dB) 


Bit 


-> PBO = Base 
Value -1- OdB 

1-> PBO = Base 
Value + 16dB 


12 bits 6..2 


Reserved 






12bits1..0 


Loop ID 


Unsigned char 


1 = Loop 1 

2 = Loop 2 



10.5.5.7.15 SDSL Customer Side Performance Status - Message ID 141 

This message provides the SDSL customer side performance status. Device Fault shall be used to indicate HW or SW 
problems on the addressed unit. The definition of Device Fault is vendor dependent but is intended to indicate 
diagnostic or self-test results. DC Continuity Fault shall be used to indicate conditions that interfere with span powering 
such as short and open circuits. The definition of DC Continuity Fault is vendor dependent. 

In octet 11, bits 7. .4 are used to indicate that an overflow or reset has occurred in one or more of the modulo counters. 
Bits 7 and 5 shall indicate that an overflow has occurred since the last SDSL Customer Side status response. For 
example, if more than 256 Errored Seconds occur between SDSL Customer Side status responses, then the ES modulo 
counter will overflow. Bits 6 and 4 shall be used to indicate that one or more of the modulo counters have been reset for 
any reason (e.g. system power-up or a non-service-affecting reset). Bits 7 and 6 shall be cleared to after a SDSL 
Customer Side status response is sent to the LTU. Bits 5 and 4 shall be cleared to after a SDSL Customer Side status 
response is sent to the NTU. 
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Table 10.19: SDSL Customer Side Performance Status Information Field 



Octet # 


Contents 


Data Type 


Reference 


1 


Message ID - 141 


Message ID 




2 bit 7 


Reserved 






bit 6 


C - Power Back-off Status 


Bit 


= default 

1 = selected 


bits 


Device Fault 


Bit 


= OK, 1 = Fault 


bit 4 


C- DC Continuity Fault 


Bit 


= OK, 1 = Fault 


bits 


C - SNR Margin alarm 


Bit 


= OK, 1 = alarm 


bit 2 


C- Loop Attenuation Alarm 


Bit 


= OK, 1 = alarm 


bit 1 


C - SDSL LOSW Failure Alarm 


Bit 


= OK, 1 = alarm 


bit 


Rpcpn/pfi 




cpt tn f) 


3 


C - SDSL SNR Marain ^dB^ 

\J \J 1—/ \J 1 ^INI 1 IVICIIUIII \ULJf 


Sinned rhar M27 - NA1 




4 


C - SDSL Loop Attenuation (dB) 


Signed char (-128 = NA) 








1 IncinnoH oh^r 




6 


C - SDSL SES Count modulo 256 


Unsigned char 






L* - oUoL UriL* Anomaly uouni mOQUlO 
65536 


unsigneu ini 




Q 


o - oUoL Lvjovv ueTecT oecona uouni 
modulo 256 


unsigneo cnar 




1 u 


o - oUoL UAo uouni mooulo ^Oo 


Unsigned char 




-1 -1 Kit 7 

11 Dll / 


Lf - uounier uvemow inoicaiion lo l i u 




U = Ul\ 

1 = Overflow 


1 1 bit 6 


C - Counter Reset Indication to LTU 




= OK 

1 = Reset 


n bit 5 


C - Counter Overflow Indication to NTU 




= UK 

\ = uvemow 


1 1 bit 4 


C - Counter Reset Indication to NTU 




= OK 

1 — Dacat 
1 = ricbcl 


11 bits 3 ..0 


C - Power Back-Off Base Value (dB) 


Unsigned char 


.. 15 


12 bit 7 


C-Power Back-off Extension (dB) 


Bit 


-> PBO = Base 
Value + dB 

1 -> PBO = Base 
Value + 16 dB 


12 bits 6..2 


Reserved 






12bits 1..0 


Loop ID 


Unsigned char 


1 = Loop 1 

2 = Loop 2 



10.5.5.7.16 Virtual Terminal Connect/Disconnect Request/Response - Message IDs 6,7,134 

Three messages are used to maintain (establish, tear down) virtual terminal sessions between units. A unit may request a 
connection but must wait for "connect" status response before using the connection, The connection shall remain until a 
disconnect request is processed or, if implemented, a timeout occurs. At least one session shall be supported by the 
LTU. NTU and REG may silently ignore the cormect request or may respond with a "no coimect" status if terminal 
screens are not supported. 

The coimect/disconnect process is necessary for handling the case where keyboard messages are received from more 
than one device. If a unit cannot accommodate another coimect request it shall send the "no connect" response. 

The connect request message can be sent to cause a refresh of the current screen. When a connect request is accepted 
the "connect" response shall be transmitted, followed by screen messages with the current screen. If this is a new 
cormection then the first screen shall be sent. 



Table 10.20: Virtual Terminal Connect 



Octet # 


Contents 


Data type 


Reference 


1 


Message ID - 6 - Virtual Terminal Connect 


Message ID 
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Table 10.21: Virtual Terminal Disconnect 



Octet # 


Contents 


Data type 


Reference 


1 


Message ID - 7 - Virtual Terminal Disconnect 


Message ID 




Table 10.22: Virtual Terminal Connect Response 


Octet # 


Contents 


Data type 


Definition 


1 


Message ID - 134 - Virtual Terminal Connect response 


Message ID 




2 


Connection status 




1 - connected 
- no connect 



10.5.5.7.17 Screen Message/Keyboard Message - Message IDs 8,136 

Keyboard and screen messages are only sent over an active connection between units. Keyboard messages shall be 1 to 
8 data octets per message. Queuing of keystrokes from the customer may affect user response times and should be done 
with care. Screen messages shall be 1 to 24 data octets per message. See clause 10.5.6 for more irrformation on 
Screen/Keyboard messages. 



Table 10.23: Keyboard Information Field 



Octet # 


Contents 


Data type 


Reference 


1 


Message ID - 8 - Keyboard 


Message ID 




Octet. 2 - L + 1 


ASCII character(s) and escape sequences 


character array 




Table 10.24: Screen Information Field 


Octet # 


Contents 


Data type 


Reference 


1 


Message ID - 136 - Screen 


Message ID 




Octet. 2 - L + 1 


ASCII characters and escape sequences 


character array 





1 0.5.5.7.1 8 Maintenance Request - System Loopback - Message ID 9 

The Maintenance Request-System Loopback message contains loopback commands for all of the elements on the span. 
The contents of the Maintenance Request-System Loopback message are shown in table 10.25. The System Loopback 
message shall have a broadcast destination address when sent from the LTU. When optionally sent from the NTU, the 
System Loopback message shall have the LTU as its destination address. Upon reception of this message, each REG 
and LTU or NTU shall comply with its corresponding command field and respond to the sender with the Maintenance 
Status message. Note that the REGs are numbered consecutively beginning with closest REG to the LTU. Each REG 
shall determine its number by subtracting 2 from its network side eoc address. Since the network side eoc addresses 
must be known, the NTU shall not use the System Loopback Message if the LTU is offline. To invoke REG loopbacks 
while the LTU is offline, the NTU shall use the Maintenance Request-Element Loopback message. (Maintenance 
request messages may also be used by the LTU or NTU devices to poll for current loopback status, using the unchanged 
bit flags.) 
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Table 10.25: Maintenance Request - System Loopback Information Field 



Octet # 


Contents 


Data type 


Reference 


Octet 1 


Message ID - 9 - Maintenance Request- 
System Loopback 






Octet 2 


LTD Loopback commands 


Bit flags 


Table 10.28 


Octet 3 


NTU Loopback commands 


Bit flags 


Table 10.26 


Octet 4 


REG #1 Loopback commands 


Bit flags 


Table 10.26 


Octet 5 


REG #2 Loopback commands 


Bit flags 


Table 10.26 


Octet 6 


REG #3 Loopback commands 


Bit flags 


Table 10.26 


Octet 7 


REG #4 Loopback commands 


Bit flags 


Table 10.26 


Octet 8 


REG #5 Loopback commands 


Bit flags 


Table 10.26 


Octet 9 


REG #6 Loopback commands 


Bit flags 


Table 10.26 


Octet 10 


REG #7 Loopback commands 


Bit flags 


Table 10.26 


Octet 1 1 


REG #8 Loopback commands 


Bit flags 


Table 10.26 



Table 10.26: Loopback Command Bit Flag Definitions 



Bit positions 


Definition 


Bit 7 


Reserved 


Bite 


Clear all maintenance states (including any proprietary states) 


Bits 


Initiate special loopback 


Bit 4 


Terminate special loopback 


Bits 


Initiate loopback toward the network 


Bit 2 


Initiate loopback toward the customer 


Bit 1 


Terminate loopback toward the network 


BitO 


Terminate loopback toward the customer 


NOTE: Bit set to 1 - perform action; bit Set to - no action taken, report current status. 



1 0.5.5.7.1 9 Maintenance Request - Element Loopback - Message ID 1 

The Maintenance Request-Element Loopback message contains loopback commands for an individual element. The 
contents of the Maintenance Request-Element Loopback message are shown in table 10.27. The Element Loopback 
message shall have an individual unit's destination address according to the data flow addresses described in 
clause 10.5.2. Upon reception of the Element Loopback message, the addressed unit shall comply with the loopback 
commands and reply with the Maintenance Status Response message. 



Table 10.27: lUlaintenance Request - Element Loopback Information Field 



Octet # 


Contents 


Data type 


Reference 


1 


Message ID - 10 - Maintenance Request 


Message ID 




2 


Loopback commands 


Bit flags 


Table 10.26 



10.5.5.7.20 Maintenance Status Response - Message ID 137 

Maintenance status is sent in response to the Maintenance Request-System Loopback and the Maintenance 
Request-Element Loopback Query messages. The "Special Loopback" is defined for the NTU as a Maintenance 
Termination Unit (MTU) Loopback; it is not defined at other units. 
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Table 10.28: Maintenance Status Information Field 



Octet # 


Contents 


Data type 


Definition 


■\ 


Maintenance Status-Loopback 






2 bit 7 


RpcprvpH 






2 bit 6 


Proprietary Maintenance State active 


Bit 


0-off, 1-on 


2 bit 5 




Bit 


O-nff 1-nn 


2 bit 4 


Loopbacl^ active toward NTU 


Bit 


0-off, 1-on 


2 bit 3 


Loopback active toward LTU 


Bit 


0-off, 1-on 


2 bit 2 


Local or span-powered unit 


Bit 


= span powered 

1 = local powered 


2bit1 


Customer Tip/Ring reversal 


Bit 


= normal 

1 = reversed 


2bit0 


Network TIp/RIng reversal 


Bit 


= normal 

1 = reversed 



1 0.5.5.7.21 Soft Restart/Power Back-off Disable Message - Message ID 1 5 

The purpose of this message is to switch a receiver between the default and selected modes of power back-off If default 
mode is set, PBO shall be set to the default value. Otherwise, in selected mode, PBO may be negotiated through the 
PACC to another value. In order for a change in power back-off mode to take effect, the receiver must reactivate. The 
Soft Restart request shall cause the receiving unit to terminate the corresponding SDSL connection and enter the 
Exception State (figure 9.4). The connection shall not be terminated unless the corresponding Soft Restart bit is set in 
this message. The receiving unit shall wait 5 s ± 1 s before terminating the SDSL connection. 

This message carries the command to set the power back-off mode. The power back-off mode received in this message 
shall be maintained as long as power is applied to the unit. Maintaining the power back-off mode in non-volatile storage 
is optional. Note that the configuration of power back-off mode applies to the receiver; i.e. the receiver requests a PSD 
mask based on both the received power and the configuration of its power back-off mode. 



Table 10.29: Soft Restart Information Field 



Octet # 


Contents 


Data Type 


Reference 


1 


IVIessage ID - 15 - Soft Restart/Back-off 


IVIessage ID 




2 Bits 7..2 


Reserved 






2 Bit 1 


Network Side Power Back-off Setting 


Bit 


= default 

1 = selected 


2 BitO 


Network Side Soft Restart (after 5 s) 


Bit 


= no Restart 

1 = Restart 


3 Bits 7..2 


Reserved 






3Bit1 


Customer Side Power Back-off Setting 


Bit 


= default 

1 = selected 


3 BitO 


Customer Side Soft Restart (after 5 s) 


Bit 


= no Restart 

1 = Restart 



1 0.5.5.7.22 Segment Management Message - Message IDs 64 - 88, 1 92 - 21 6 

A range of Message IDs is reserved for segment management (e.g. continuous precoder update). 

10.5.5.7.23 Proprietary Messages - Message IDs 1 12 - 1 19, 240 - 247 

A range of Message IDs is reserved for proprietary messages. It is the responsibility of the LTU or NTU to address 
Proprietary Messages to the appropriate destination. An REG shall either process or forward a proprietary message. A 
proprietary message shall not be broadcast. 
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10.5.5.7.24 Proprietary External Message - Message ID 120 

Support for external data ports is optional. No interface for an external data port is specified in the present document. If 
an LTU or NTU does not have an external data port, then it shall ignore any received Proprietary External Messages. 



Table 10.30: External Information Field 



Octet # 


Contents 


Data type 


Reference 


1 


Message ID - 120 - external 


Message ID 




2 


Logical Port Number 


Unsigned character 




Octets 3 .. L + 2 


External message data 







10.5.5.7.25 G.997.1 External Message - Message ID 121 

Support for G.997.1 external messaging is optional. The interface for G.997.1 messages is beyond the scope of the 
present document. If an LTU or NTU does not have an interface for G.997.1 messaging, it shall ignore any received 
G.997.1 External Messages. Logical port number FFjg is reserved for indicating the transport of SNMP packets, as 
described in clause 6.3 of ITU-T Recommendation G.997.1 [8J. SNMP packets may be transmitted using one or more 
such messages. 



Table 10.31: G.997.1 External Information Field 



Octet # 


Contents 


Data type 


Reference 


1 


Message ID - 121 


Message ID 




2 


Logical Port Number 


Unsigned character 




octets 3 .. L + 2 


G.997.1 External message data 







10.5.5.7.26 Generic Unable to Comply (UTC) Message (ID 144) 

The Generic UTC message should be sent back to the source unit in the event that the destination unit is unable to 
comply with the request. In this case, the definition of UTC is vendor dependent. Note that this message is not meant to 
replace the UTC bit in those response messages that contain a UTC bit. 



Table 10.32: Generic Unable to Comply (UTC) Information Field 



Octet # 


Contents 


Data Type 


Reference 


1 


Message ID - 144 - Generic UTC 


Message ID 




2 


Message ID of request message 


Unsigned char 





10.5.6 Examples of Virtual Terminal Control Functions 

This informative note gives examples of some common ANSI X3.4-1986 (R1997) [15] escape sequences. 



Table 10.33: Examples of ANSI X3.4-1986 (R1997) Control Functions 



Description 


Format 


Comments 


Erase entire screen (ED) 


ESC [ 2 J ] 




Position cursor (CUP) 


ESC [ RR; CCH ] 


see note 


Position cursor (in column 1) 


ESC [ RRH ] 


Subset of position cursor 


Home cursor 


ESC [ H ] 


Subset of position cursor 


NOTE: ESC has the value of 1 g 


RR is the row number; CC is the column number expressed as 


ASCII digits. As an example, row 4 column 12 would encode as ESC [4; 12H]. The hexadecimal 
equivalent of this sequence is 1 B.|g 5B.|g 34., g 3B.,g 31 ig 32.|g 48.|g. The screen starts with 


row 1 , column 1 . 
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1 1 Electrical characteristics of a SDSL transceiver 

11.1 General 

This clause describes the electrical characteristics of an SDSL transceiver. 

The electrical characteristics of an SDSL transceiver shall be such as to enable the performance requirements of 
appropriate applications, which are described in application dependent annexes, to be met. In addition, the following 
specific electrical line characteristics are required. 

1 1 .2 Transmitter/Receiver impedance and return loss 

The nominal driving point impedance at the line side of an SDSL transceiver shall be 135 Q,. The minimum return loss 
with respect to 135 Q, over a frequency band of 1 kHz to 1 MHz shall be: 

12 dB from 50 kHz to i^y^2 kHz as shown in figure 1 1 . Iwith a slope of 20 dB/decade below/above, 
respectively, these frequencies. 




Frequency 

NOTE: It is expected that the above specification of return loss will be replaced by a specification of another 
electrical characteristic that is more appropriate and will probably be a frequency dependent output 
impedance. 

This enables a prediction of signal levels on real cables from signal level measurements under different 
impedance conditions. 

Figure 11.1: Minimum return loss of a SDSL system 

NOTE: The intention of the return loss specification is to maintain some power constraint, even under severe 

mismatched conditions, when SDSL modems are connected to real cables. A minimum return loss bounds 
the (complex) output impedance Z^. within a restricted range around the design impedance Ry = 135 CI, 
and thus the maximum available power from that source. Therefore it is expected that the power 
dissipated into a complex load impedance Zl should never exceed the appropriate PSD masks and 

maximum aggregate powers for all values Zl in the range of 10 i2 < IZJ < 2 000 Q,, as specified for 
Ry = 135 Q. in clause 9.4 and tables 9.10 and 9.12. The extension of the existing power constraints to the 
severely mismatched case is for further study. 
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1 1 .3 Unbalance about earth 
1 1 .3.1 Longitudinal conversion loss 

The longitudinal conversion loss is given by: 
LCL = 201og(ei/enj) [dB]; 

where e^ is the applied longitudinal voltage referenced to the building ground and e^^ is the resultant metallic voltage 
appearing across a 135 Q. termination. 

The longitudinal conversion loss of the system shall meet the requirement of: 40 dB between 5 kHz and fsaud^^ 
shown in figure 11.2, with a slope of 20 dB/decade below respectively above these frequencies. This requirement 
ensures that the overall LCL is not significantly worse than that of the DLLs alone. 



40 



Longitudinal 
Balance 
(dB) 





20 dB/decade / 1 


! \ 20 dB/decade 


roll-off / 1 


j \ roll-off 
' ^ ► 


5 kHz 


fsym/2 


Frequency 




Minimum longitudinal conversion loss 


for a SDSL system 



Figure 11.3 defines a measurement method for longitudinal conversion loss. For direct use of this configuration, 
measurement should be performed with the lUT powered up but inactive (no transmitted signal; driving V). 





1 










lUT 


e 

m 








1 



Measuring set 
(well balanced) 




Longitudinal 
signal 
generator 



NOTE 1 : * These resistors have to be matched: R1 = R2 = 135/2 a and R1/R2 = 1 ± 0,1 %. 
NOTE 2: ** For LTU test only if remote power feeding Is supplied. 
NOTE 3: *** For NTU test only if remote power feeding is required. 

NOTE 4: During regenerator test (where required) each wire on the side which is not under test has to be connected 
to ground by a terminating impedance having the value of 135/2 n in series with a capacitance of 0,33 ^F. 

Figure 11.3: lUleasurement method for longitudinal conversion loss 
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1 1 .3.2 Longitudinal output voltage 



The longitudinal component of the output signal shall have an rms voltage, in any 4 kHz equivalent bandwidth averaged 
in any second period, < -50 dBV over the frequency range 100 Hz to 400 kHz. Compliance with this limitation is 
required with a longitudinal termination having an impedance of 100 H in series with 0,15 |iF nominal. Note that the 
EMC requirements of clause 14.4 must also be met. 

Figure 11.4 defines a measurement method for longitudinal output voltage. For direct use of this test configuration, the 
lUT should be able to generate a signal in the absence of a signal from the far end. The ground reference for these 
measurements shall be the building ground. 




R1 



1 
X 



R2 

100 a 



I 



150 nF — 




V 



DC 




Spectrum 
analyser 



NOTE 1 : 'These resistors have to be matched: R1 = R2 = 135/2 Q. and R1/R2 = 1 ± 0,1 %. 
NOTE 2: **For LTD test only if remote power feeding is supplied. 
NOTE 3: ***For NTU test only if remote power feeding is required. 

NOTE 4: During regenerator test (where required) each wire on the side which is not under test has to be connected 
to ground by a terminating impedance having the value of 135/2 n in series with a capacitance of 0,33 ^F. 

Figure 11.4: Measurement method for longitudinal output voltage 



1 1 .4 Signal transfer delay 

The SDSL-core as specified in clause 4 Reference configuration shall be capable of providing one-way, single-span 
latency of < 500 us for user data rates > 1,5 Mbit/s and < 1,25 ms for user data rates < 1,5 Mbit/s. 

However, for non-packet based services the one-way signal transfer delay between the appHcation interfaces at the 
customer and the network side calculated as the mean value of both directions shall be < 1,25 ms. 



12 Laboratory performance measurements 
12.1 General 

The purpose of transmission performance tests is to stress SDSL transceivers in a way that is representative of a high 
system penetration scenario in operational access networks. This high penetration approach enables operators to define 
deployment rules that apply to most operational situations. It also means that, in individual operational cases, 
characterized by lower noise levels and/or insertion loss values, the SDSL system under test may perform better than 
tested. 
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The performance requirements given in this clause are dedicated to SDSL transceivers, but the concept is appHcable to 
other systems such as "ADSL over ISDN". The design impedance Ry is 135 £1. All spectra are representing single sided 
Power Spectral Densities (PSD). 

12.2 Test procedure 

The purpose of this clause is to provide an unambiguous specification of the test set-up, the insertion path and the way 
signal and noise levels are defined. The tests are focused on the noise margin, with respect to the crosstalk noise or 
impulse noise levels when SDSL signals under test are attenuated by standard test-loops and interfered with standard 
crosstalk noise or impulse noise. This noise margin indicates what increase of crosstalk noise or impulse noise level is 
allowed under (country-specific) operational conditions to ensure sufficient transmission quality. 

Note that the combination of all tolerances in test equipment (impairment generator, cable simulator, etc.) leaves an 
inaccuracy/uncertainty on the noise margin measurements of the order of 1,25 dB. Techniques addressing this accuracy 
are under study. 

1 2.2. 1 Test set-up definition 

Figure 12.1 illustrates the functional description of the test set-up. It includes: 

a Bit Error Ratio Test Set (BERTS) that applies a 2^5 - 1 Pseudo Random Bit Sequence (PRBS) test signal to 
the transmitter in the direction under test at the bit rate required. The transmitter in the opposite direction shall 
be fed with a similar PRBS signal, although the reconstructed signal in this path need not be monitored; 

the testloops, as specified in clause 12.4; 

an adding element to add the (common mode and differential mode) impairment noise (a mix of random, 
impulsive and harmonic noise), as specified in clause 12.5; 

an impairment generator, as specified in clause 12.5, to generate both the differential mode and common mode 
impairment noise, that are fed to the adding element; 

a high impedance, and well-balanced differential voltage probe (e.g. better than 60 dB across the whole band 
of the SDSL system under test) connected with level detectors such as a spectrum analyser or a true rms 
voltmeter; 

a high impedance, and well-balanced common mode voltage probe (e.g. better than 60 dB across the whole 
band of the SDSL system under test) connected with level detectors such as a spectrum analyser or a true rms 
voltmeter. 
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To allow test reproducibility, the testing equipment and the Termination Units (LTU and NTU) should refer 
to an artificial earth. If the Termination Units have no earth terminal, the test should be performed while the 
Termination Units are placed on a metal plate (of sufficient large size) connected to earth. 



Figure 12.1 : Functional description of the set-up of the performance tests 

NOTE: The functional description of injecting ingress noise is not complete and requires further study. 
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The two-port characteristics (transfer function, impedance) of the test-loop, as specified in clause 12.4, are defined 
between port Tx (node pairs Al, Bl) and port Rx (node pair A2, B2). The consequence is that the two-port 
characteristics of the test "cable" in figure 12.1 must be properly adjusted to take full account of non-zero insertion loss 
and non-infinite shunt impedance of the adding element and impairment generator. This is to ensure that the insertion of 
the generated impairment signals does not appreciably loads the line. 

The balance about earth, observed at port Tx, at port Rx and at the tips of the voltage probe shall exhibit a value that is 
10 dB greater than the transceiver under test. This is to ensure that the impairment generator and monitor function do 
not appreciably deteriorate the balance about earth of the transceiver under test. 

The signal flow through the test set-up is from port Tx to port Rx, which means that measuring upstream and 
downstream performance requires an interchange of transceiver position and test "cable" ends. 

The received signal level at port Rx is the level, measured between node A2 and B2, when port Tx as well as port Rx 
are terminated with the SDSL transceivers under test. The impairment generator is switched off during this 
measurement. 

Testloop #1, as specified in clause 12.4.2, shall always be used for calibrating and verifying the correct settings of 
generators G1-G7, as specified in clause 12.5, when performing performance tests. 

The transmitted signal level at port Tx is the level, measured between node Al and Bl, xmder the same conditions. 

The impairment noise shall be a mix of random, impulsive and harmonic noise, as defined in clause 12.5. The level that 
is specified in clause 12.5 is the level at port Rx, measured between node A2 and B2, (and includes both differential 
mode and common mode impairments) while port Tx as well as port Rx are terminated with the design impedance Ry. 
These impedances shall be passive when the transceiver impedance, in the switched-off mode, is different from this 
value. 

12.2.2 Signal and noise level definitions 

The signal and noise levels are probed with a well-balanced differential voltage probe, and the differential impedance 
between the tips of the probe shall be higher than the shunt impedance of 100 kQ, in parallel with 10 pF. Figure 12.1 
shows the probe position when measuring the Rx signal level at the LT or NT receiver. Measuring the Tx signal level 
requires the connection of the tips to node pair [Al, Bl]. 

The various PSDs of signals and noises specified in the present document are defined at the Tx or Rx side of the set-up. 
The levels are defined when the set-up is terminated, as described above, with the design impedance Ry or with SDSL 
transceivers imder test. 

Probing an rms-voltage [V] in this set-up, over the full signal band, means a power level of P [dBm] that equals: 

P = 10 X logio ( Unns^^'Ry X 1 000) [dBm] 

Probing an rms-voltage [V] in this set-up, within a small frequency band of Af [Hz], corresponds to an average 
spectral density level of P [dBm/Hz] within that filtered band that equals: 

P = 10 X logio (Urms^/Ry X 1 000/Af) [dBm/Hz] 

The bandwidth Af identifies the noise bandwidth of the filter, and not the -3 dB bandwidth. 

12.2.3 Noise injection network 
12.2.3.1 Differential mode injection 

The noise injector for differential mode noise is a two-port network in nature, and may have additional ports connected 
to the impairment generator. The Norton equivalent circuit diagram is shown in figure 12.2. The current source is 

controlled by the impairment generator. The parasitic shunt impedance Z^jj shall have a value of \Z^^ > 4 kf2 in the 
frequency range from 100 Hz to 2 MHz. 
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-0 
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-injL 



0- 



-2S 



Figure 12.2: Norton equivalent circuit diagram for the differential mode noise injection 

12.2.3.2 Common mode injection 

The specification of this injection network is for further study. 

12.2.4 Noise levels calibration 



12.2.4.1 



Differential mode noise calibration 



The differential mode noise injection is calibrated using the configuration shown in figure 12.3. During calibration the 

side of the noise injector is terminated by the design impedance Ry (= 135 Q.) and the side of the noise injector is 
terminated by an impedance Z^^- The noise levels given in clause 12.5 specify the PSD dissipated in Ry on the side 
when on the side is equal to the calibration impedance Z^^^. The impedance Z^^^j is defined in figure 12.4. 



-0- 



-Lx 



Lx-port 
0- 



differential mode 
noise injection 
network 



-0- 



Rx -port 
0— 



Rv 



impairment 
generator 

Figure 12.3: Configuration for noise level calibration 



1 20 ohm 1 50 ohm 750 ohm 



-0 



47nF 150nF 
Figure 12.4: Calibration impedance Zf.^^ 

The impedance Z^^^ on the L^^ side of the noise injection circuit is equal to the calibration impedance Z^,^^ as given in 
figure 12.4. The PSD dissipated in the impedance R^ shall be equal to the noise PSD Pxn(f) defined in clause 12.5.1. 

NOTE: This is theoretically equivalent to the following; for an arbitrary value of the impedance Z^^, the PSD 
dissipated in R^ is equal to: 

P.Af) = G(f,Z^^)Pjf). 
The impedance dependent correction factor is specified as: 



Z;, Z,„; R. 



-L+-L + _L 

Z,„, Z„„ K„ 



where Z^^^ is the calibration impedance given in figure 12.4, Zj^^ is the Norton equivalent impedance of the noise 
injection circuit (see figure 12.2), and R^ = 135 Q is the SDSL design impedance. 
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The noise generator gain settings determined during calibration shall be used during performance testing. During 
performance testing the noise injection circuit will be configured as shown in figure 12.1. Because the loop impedance 
and the impedance of the modem under test may differ from the impedance's and Ry used during calibration, the 
voltage over the Rx port of the modem may differ from the voltage observed during calibration. 

12.2.4.2 Common mode noise calibration 

This calibration method is for further study. 

1 2.3 Performance test procedure 

The test performance of the SDSL transceiver shall be such that the Bit Error Ratio (BER) on the disturbed system is 
less than 10"^, while transmitting a pseudo random bit sequence. The BER should be measured after at least 10^ bits 
have been transmitted. 

The tests are carried out with a margin which indicates what increase of noise is allowed to ensure sufficient 
transmission quality. Network operators may calculate their own margins for planning purposes based on a knowledge 
of the relationship between the present document test set and their network characteristics. 

A test sequence as specified in table 12.1 shall be conducted. The testloops are specified in figure 12.5. They are 
characterized by the insertion loss Y, which depends on the data rate to be transported and has to be scaled adequately. 

In table 12.1, upstream and downstream only determine the topology of the test loop. The LTU must pass all test 1 
through 12. The NTU must pass all tests 1 through 12. 

A test is defined as the measurement of a given BER associated with a single test path, direction, test noise, rate and 
margin. The ensemble of tests associated with a particular value of N in table 12.1 is defined as a test set. 
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Table 12.1 : Test sequence for performance testing 



N 


Test Path 

1 rail 1 


V II C^liV/l 1 

fsee note 6) 


W 1 1 1 1 1 Id 1 1 w 


1 


#1 (see note 1 ) 


Upstream 


Y = dB; Test noise A (see notes 5 and 7) 




if? 


1 Inc+roam 
kJjJoLI cell 1 1 


V — V1 /coo nnto 0\' Xoct nnico A O anrl V\ (caa nntoc 7 anrl fi\ 

1 — 1 1 ^OCC 1 lULC 1 col 1 lUlOC r\j w, Cll ILI U ^OCC I lULCO / Cll ILI 


3 


#3 


Upstream 


Y = Y1 ; Test noise D (see notes 5, 7 and 8) 


4 


#4 


Downstream 


Y = Y1 ; Test noise A and C (see notes 5 and 7) 


5 


#5 


Upstream 


Y = Y1 ; Test noise B (see notes 5 and 7) 


6 


#6 


Downstream 


Y = Y1 ; Test noise A and C (see notes 5 and 7) 


7 


#7 


Downstream 


Y = Y1 ; Test noise A, B, C, and D (see notes 5 and 7) 


8 






Common mode rejection test (see note 4) 


9 


(see note 3) 


(see note 3) 


Y = Y2; Test noise is the noise corresponding to the test with the highest BER in 
test sets 1 through 7 (see note 7) 


10 


(see note 3) 


(see note 3) 


Y = Y3 ; No added impairment; BER < 10"^ 


11 


#2 


Upstream 


Y = Y1 ; Impulse test as described in <TBD> 


12 


As <TBD> 


<TBD> 


Micro interruption test as described in <TBD> 


NOTE 1 : Test Path = #1 means that the path under test shall be connected with testloop #1 as defined in figure 12.5. 

NOTE 2: Y1 = Y dB (as specified in table 10.3 for noise models B, C and D and in table 10.2 for noise model A), 
Y2 = Y1 - lOdB, Y3 = Y1 + 3 dB. 

NOTE 3: The tests (for any data rate) are carried out on the loop that gives the highest BER [for that data rate] in test 
sets 1 though 7, when the test noise is increased by 6 dB. If no errors in 10^ bits are recorded for all the tests 
in test sets 1 through 7, then loop #3 upstream is used for this test set by default. 

NOTE 4: The measuring arrangement for this test is specified in ITU-T Recommendation 0.9 [12]. 

NOTE 5: Only tested for lowest and highest data rate in tables 1 2.2 and 1 2.3 that the equipment supports and for 
asymmetric PSDs when supported. 

NOTE 6: Upstream means that the unit under test is connected to the LT end of the testloop and downstream means 
that the unit under test is connected to the NT end of the testloop. For example, test set 5 for an LTU would 
connect the LTU under test to the LT end of the loop as shown in figure 12.5 and apply noise model B.LT to 
the LT end. The same test for an NTU would connect the NTU under test to the LT end of the loop as shown 
in figure 12.5 and apply noise model B.NT to the LT end. 

NOTE 7: The BER shall be less than 1 0"^ when the test noise is increased by 6 dB (this is equivalent to 6 dB of margin. 

NOTE 8: In order to reduce the number of noise shapes used, a mandatory noise shape substitution rule is given in 
clause 12.5.4.3. 

NOTE 9: To test the 4-wire mode, while one path is under test, the second path must be connected to a loop. The 

characteristics of the second loop must not be worse than the ones of the path under test. Furthermore, the 
differential delay between the path under test and the path connected to the second loop should not exceed 
the value of the differential delay buffer specified in clause 7.1 .7. 



NOTE: Table 12.1 constitutes a rationalized subset of tests that are considered to be representative of the full set 
of tests. For conformance, these tests (subset) are required. Other tests (possibly based on other testloops) 
are currently under study with ETSI TM6. 

12.4 Testloops 

12.4.1 Functional description 

The testloops in figure 12.5 are based on the existing HDSL testloops as defined in TS 101 135 [1]. A Technical 
Specification for unified testloops across all DSL-technologies is currently under development. When the present 
document becomes available and is judged appropriate for SDSL testing, it wiU replace the current testloops. 

The length of the individual loops are chosen such that the transmission characteristics of all loops are comparable (see 
figure 12.5). The purpose of this is to stress the equalizer of the SDSL modem under test similarly over all loops, when 
testing SDSL at a specific bit rate. The total length of each loop is described in terms of physical length, and the length 
of the individual sections as a fixed fraction of this total. If implementation tolerances of one testloop result in its 
electrical length being out of specification, then its total physical length shall be scaled accordingly to correct this error. 
One testloop includes bridged taps to achieve rapid variations in ampUtude and phase characteristics of the cable 
transfer function. In some European access networks, these bridge taps have been implemented in the past, which 
stresses the SDSL modem under test differently. 

Loop #1 is a symbolic name for a loop with zero (or near zero) length, to prove that the SDSL transceiver under test can 
handle the potentially high signal levels when two transceivers are directly cormected. 
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1 2.4.2 Testloop topology 

The topology of the testloops is specified in figure 12.5. The basic test cable characteristics are shown in annex F. 



NTU-Side 

(Customer premises) 



upstream direction 1 

< downstream direction 



LTU-Side 

(Central office) 



Loop #1 



lOdB 



Loop #2 



L2 

(YdB) 



Loop #3 



120 n ' 

(PE04) 

0,1834xL3 0,2866xL3 0,3466xL3 0,1834xL3 

(~0,25xYdBh (-0,25 X Y dB), (-0,25 x YdB), (-0,25 x YdB), 



Loop #4 



Loop #5 



120 n 

(PE04) 

0,2866xL4 

(-0,25 X YdB) 



106a 

(PE06) 



159 a 
(PE05) 



106 a 
(PE06) 
100 m 

(-0,10 X Y\ 



0,3668xL4 

(-0.50 X YdB) 



120 a 

(PE04) 
L5 - 200m 

(-0,80 X YdB) 



120 a 
(PE04) 

0,3466xL4 

(-0.25 X YdB) 



159 a 

(PE05) 
100 m 

,(-0,10 X Y) 



73 Q. ' 
(PVC04) 



124 a 
(PE08) 



73 Q. ' 
(PVC04) 





500 m 

(PE04) 




500 m 

(PE04) 




Loop #6 


\- 


0,2857xL6 

(-0,20 X Y) 




0,7143xL6 

(-0,60 X YdB) 






120 a 

(PE04) 




i2oa 

(PE04) 



Loop #7 



300 m 0,3865x(L7-350m) 

^ ,(~0,2xYdB)i 



0,6135x(L7-350m) 

(-0,60 X YdB) 



50 m 



'67 a 159 a 

(PVC063) (PE05) 



120 a 

(PE04) 



Ua I 

(PVC032) 



NOTE 1 : 
NOTE 2: 

NOTE 3: 



The values for Y and L are to be found in tables 12.2 and 12.3. 

Due to mismatches and Bridged Taps, the total attenuation of the testloops differs from the sum of the 
attenuation of the parts. 

The Impedances are for information only. They refer to the characteristic Impedances of the test cables 
measured at 300 kHz. 



Figure 12.5: Testloop topology 
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12.4.3 Testloop length 

The length of each testloop for SDSL transmission systems is specified in tables 12.2 and 12.3. The specified insertion 
loss Y at the specified test frequency measured with a 135 fi termination (electrical length) is mandatory. If 
implementation tolerances of one testloop result in its electrical length being out of specification, then its total physical 
length shall be scaled accordingly to adjust this error. 

The test frequency f-p is chosen to be a typical mid-band frequency in the spectrum of long range SDSL systems. The 
length is chosen to be a typical maximum value that can be handled correctly by the SDSL transceiver under test. This 
value is bit rate dependent; the higher the payload bit rate, the lower is the insertion loss that can be handled in practice. 



Table 12.2: Values of the electrical length Y of the SDSL noise testloops, 
when testing SDSL at noise model A 



Payload 
Bit rate 
[kb/s] 




h 
[kHz] 


Y 
[dB] 

@h' 
@135ft 


LI 

[m] 


L2 
[m] 


L3 
[m] 


L4 
[m] 


L5 
[m] 


L7 
[m] 




h 
[kHz] 


Y 
[dB] 

@h' 
@135£1 


L6 
[m] 


384 




150 


43,0 


<3 


4 106 


5 563 


5 568 


11 064 


4 698 




115 


40,5 


3 165 


512 




150 


37,0 


<3 


3 535 


4 787 


4 789 


9 387 


3 996 




115 


35,0 


2 646 


768 




150 


29,0 


<3 


2 773 


3 747 


3 753 


7 153 


3 062 




275 


34,5 


1 904 


1 024 




150 


25,5 


< 3 


2 439 


3 285 


3 291 


6 174 


2 668 




275 


30,0 


1 547 


1 280 




150 


22,0 


< 3 


2 105 


2 829 


2 837 


5 193 


2 266 




275 


26,0 


1 284 


1 536 




150 


19,0 


<3 


1 820 


2 453 


2 455 


4 357 


1 900 




250 


21,5 


1 052 


2 048 (s) 




200 


17,5 


<3 


1 558 


2 046 


2 052 


3 285 


1 550 




250 


18,5 


748 


2 304 (s) 




200 


15,5 


<3 


1 381 


1 815 


1 820 


2 789 


1 331 




250 


16,5 


583 


2 048 (a) 




250 


21,0 


<3 


1 743 


2 264 


2 272 


3618 


1 726 




250 


21,0 


1 001 


2 304 (a) 




250 


18,0 


<3 


1 494 


1 927 


1 937 


2915 


1 402 




250 


18,0 


702 


NOTE: 


The electrical length Y (insertion loss at specified frequency fj) is mandatory, the 






(estimated) physical lengths L1-L7 are informative, 
(s) those electrical lengths apply to the symmetric PSD. 
(a) those electrical lengths apply to the asymmetric PSD. 











Table 12.3: Values of the electrical length Y of the SDSL noise testloops, 
when testing SDSL at noise model B, C or D 



Payload 
Bit rate 
[kb/s] 




h 
[kHz] 


Y 
[dB] 

@135£2 


L1 
[m] 


L2 
[m] 


L3 
[m] 


L4 
[m] 


L5 
[m] 


L7 

[m] 




h 
[kHz] 


Y 
[dB] 

@135£1 


L6 
[m] 


384 




150 


50,0 


<3 


4 773 


6 471 


6 477 


13 021 


5 508 




115 


47,5 


3 859 


512 




150 


44,0 


<3 


4 202 


5 692 


5 698 


11 344 


4814 




115 


41,5 


3 261 


768 




150 


35,5 


<3 


3 392 


4 592 


4 596 


8 970 


3815 




275 


42,0 


2 536 


1 024 




150 


32,0 


<3 


3 058 


4 135 


4 141 


7 990 


3 403 




275 


38,0 


2 223 


1 280 




150 


28,5 


<3 


2 725 


3 678 


3 684 


7 Oil 


3 006 




275 


33,5 


1 816 


1 536 




150 


25,5 


<3 


2 439 


3 285 


3 291 


6 174 


2 673 




250 


29,0 


1 680 


2 048 (s) 




200 


24,0 


<3 


2 135 


2 812 


2 820 


4 886 


2 271 




250 


25,5 


1 426 


2 304 (s) 




200 


21,5 


< 3 


1 913 


2 509 


2 518 


4 257 


2 010 




250 


23,0 


1 208 


2 048 (a) 




250 


28,0 


< 3 


2 323 


3 030 


3 034 


5 189 


2 389 




250 


28,0 


1 607 


2 304 (a) 




250 


25,0 


< 3 


2 075 


2 699 


2 705 


4 514 


2 102 




250 


25,0 


1 387 


NOTE: 


The electrical length Y (insertion loss at specified 


frequency f j) is mandatory, the 






(estimated) physical lengths LI -L7 are informative, 
(s) those electrical lengths apply to the symmetric PSD. 
(a) those electrical lengths apply to the asymmetric PSD. 
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12.5 Impairment generator 

The noise injected by the impairment generator into the test set-up is frequency and testloop length dependent. The 
noise is also different for downstream performance tests and upstream performance tests. Figure 12.6 illustrates this for 
the alien noise (other than the SDSL modem under test) when the length of testloop #2 is fixed at 3 km. Figure 12.7 
illustrates this for various loop lengths in the case that the alien noise of model "B" is appUed. These figures show the 
aUen noise only. The self noise (of SDSL) shall be combined with this alien noise. 




NOTE: This is tlie noise, resulting from three of the four noise models for SDSL, in the case that the length of 
testloop #2 is fixed at 3 l<m. 

Figure 12.6: Examples of alien noise spectra that are to be injected 
into the test set-up, while testing SDSL systems 




NOTE: This is the alien noise, resulting from noise model B for SDSL, in the case that the length of testloop #2 
varies from 1 km to 4 km. This demonstrates that the test noise is length dependent, to represent the 
FEXT in real access network cables. 



Figure 12.7: Examples of alien noise spectra that are to be injected 
into the test set-up, while testing SDSL systems 



The definition of the impairment noise for SDSL performance tests is very complex and for the purposes of the present 
document has been broken down into smaller, more easily specified components. These separate, and uncorrelated, 
impairment "generators" may therefore be isolated and summed to form the impairment generator for the SDSL system 
under test. The detailed specifications for the components of the noise model(s) are given in this clause, together with a 
brief explanation. 
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12.5.1 Functional description 



Figure 12.8 defines a functional diagram of the composite impairment noise. It defines a functional description of the 
combined impairment noise, as it must be probed at the receiver input of the SDSL transceiver under test. The probing 
is described in clause 12.2.2. 

The functional diagram has the following elements: 

the seven impairment "generators" Gl to G7 generate noise as defined in clauses 12.5.3.1 to 12.5.3.7. Their 
noise characteristics are independent from the testloops and bit rates; 

the transfer function Hj(f L) models the length and frequency dependency of the NEXT impairment, as 
specified in clause 12.5.3.1. The transfer function changes with the electrical length of the testloop and with 
the frequency/, roughly according to f^'^S. 

the transfer function H2(f, L) models the length and frequency dependency of the FEXT impairment, as 
specified in clause 12.5.3.2. The transfer function changes with the electrical length of the testloop and with 
the frequency/, roughly according to/times the cable transfer function; 

switches S1-S7 determine whether or not a specific impairment generator contributes to the total impairment 
during a test; 

amplifier Al models the property to increase the level of some generators simultaneously to perform the noise 
margin tests. A value of x dB means a frequency independent increase of the level by x dB over the full band 
of the SDSL system under test, from fj^ to fj^. Unless otherwise specified, its gain is fixed at dB. 

In a practical implementation of the test set-up, there is no need to give access to any of the internal signals of the 
diagram in figure 12.8. These functional blocks may be incorporated with the testloop and the adding element as one 
integrated construction. 



NEXT noise 
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H2(f,L) 







-o 



Background noise 




G3 


Cable independent 




( 



S3 



White noise 
Cable independent 

Broadcast RF noise 
Cable independent 
Fixed powers, fixed freq 

Amateur RF noise 
Cable independent 
Fixed power, variable freq 

Im pulsive noise 
Cable independent 
bursty in nature 





G4 


C 





S4 



W5l 



Probe 
level 



> 

differential 
mode 



Probe 
level 



> 

common 
mode 



Figure 12.8: Functional diagram of thie composition of the impairment noise 

NOTE 1 : Generator G7 is the only one, which is symbolically shown in the time domain. 
NOTE 2: The precise definition of impulse noise margin is for further study. 
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The functional diagram (see figure 12.8) will be used for impairment tests in downstream and upstream direction. 
Several scenarios have been identified to be applied to SDSL testing. These scenarios are intended to be representative 
of the impairments found in metallic access networks. 

Each scenario (or noise model) results in a length-dependent and test loop-dependent PSD description of noise. Each 
noise model is subdivided into two parts: one to be injected at the LT-side, and another to be injected at the NT-side of 
the SDSL modem hnk under test. Therefore, seven individual impairment generators Gl to G7 can represent different 
values for each noise model they are used in. Specifically, Gl and G2 are dependent on which unit, LT or NT, is under 
test. 

Generators G1-G4 represent cross talk noise. The spectral power P^if) for cross talk noise is characterized by the sum: 
P^„(/) = IA1|2 X { IHi(f,L)|2 X PGi(f) + IH2(f,L)|2 X PG2(f) + PG3(f) 1 + ^G^^ 

Each component of this sum is specified in the following clauses. Only the noise generators that are active during 
testing should be included during calibration. This combined impairment noise is applied to the receiver imder test, at 
either the LT (for upstream) or NT (for downstream) ends of the test-loop. 

Generators G5 and G6 represent ingress noise. 

1 2.5.2 Cable crosstalk models 

The purpose of the cable cross-talk models is to model both the length and frequency dependency of crosstalk measured 
in real cables. These crosstalk transfer functions adjust the level of the noise generators in figure 12.8 when the 
electrical length of the testloops is changed. The frequency and length dependency of these functions is in accordance 
with observations from real cables. The specification is based on the following constants, parameters and fimctions: 

variable f identifies the frequency in Hz; 

constant fg identifies a chosen reference frequency, which was set to 1 MHz; 

variable L identifies the physical length of the actual testloop in meters. This physical length is derived from 
the specified electrical length using the cable models in annex G and the cable characteristics of annex F. 
Values are summarized in tables 12.2 and 12.3 for each combination of payload bit rate, noise model and 
testloop; 

constant Lq identifies a chosen reference length, which was set to 1 km; 

transfer function s jQ(f, L) represents the frequency and length dependent amplitude of the transfer function of 
the actual testloop. This value equals s-^q = IS21I, where S21 is the transmission s-parameter of the loop 
normalized to 135 Q.. Annex G provides formulas to calculate this s-parameter; 

constant K^^ identifies an empirically obtained number that scales the NEXT transfer function Hi(f, L). The 
resulting transfer function represents a power summed crosstalk model of the NEXT as it was observed in a 
test cable. Although several disturbers and wire pairs were used, this function tli{f, L) is scaled down as if it 
originates from a single disturber in a single wire pair; 

constant K^^ identifies an empirically obtained number that scales the FEXT transfer function H2(f, L). The 
resulting transfer function represents a power summed crosstalk model of the FEXT as it was observed in a 
test cable. Although several disturbers and wire pairs were used, this function H2(f, L) is scaled down as if it 
originates from a single disturber in a single wire pair. 

The transfer functions in table 12.4 shall be used as crosstalk transfer functions in the impairment generator. 
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Table 12.4: Definition of tlie crosstall( transfer functions 



Hi(f, L) = K^n X (f/fo)°.7 5 x^i _ |sTo(f, L)]" 

H2(f, L) = X (f/fp) X ^J{ULo) x ISjoCf, L)| 

K^n = 1 0(-50/20) „ 0,0032, fg = 1 MHz 
K^f = 10(-45/20) „ 0,0056, Lq = 1 km 
SjQ(f, L) = testloop transfer function 

NOTE: These values are rounded values, and chosen to be close to the 
ANSI 11 E1 .4 VDSL draft system requirements. This choice is 
equivalent to 50 dB NEXT loss and 45 dB EL-FEXT loss at a 
cable section of 1 km. At this moment, it is by no means sure that 
these are reasonable values to represent the "average" European 
cables. The few measurements that are available for European 
cables demonstrate sometimes significant differences from the 

above values. This is an area of further study. 



12.5.3 Individual impairment generators 

1 2.5.3.1 Equivalent NEXT disturbance generator [G1 .xx] 

The NEXT noise generator represents the equivalent disturbance of all impairment that is identified as crosstalk noise 
from a predominantly near end origin. This noise, filtered by the NEXT crosstalk couphng function of clause 12.5.2, 
will represent the contribution of all NEXT to the composite impairment noise of the test. 

The PSD of this noise generator is one of the PSD profiles, as specified in clause 12.5.4. For testing upstream and 
downstream performance different PSD profiles shall be used, as specified below: 

Gl.UPJ = X.LT.# = (XS.LT.# ♦ XA.LT.#) 

G1.DN.# = X.NT.# = (XS.NT.# ♦ XA.NT.#) 

The symbols in this expression, refer to the following: 

Symbol "#" is a placeholder for noise model "A", "B" , "C" or "D". 

Symbol "X.LT.#" and "X.NT.#" refers to the overall crosstalk profile, as defined in clause 12.5.4.1. 

Symbol "XS.LT.#" and "XS.NT.#" refers to the self crosstalk profile, as defined in clause 12.5.4.1.1. 

Symbol "XA.LT.#" and "XA.NT.#" refers to the aUen crosstalk profile, as defined in clause 12.5.4.1.2. 

Symbol " ♦ " refers to the FSAN crosstalk sum of two PSDs. This FSAN crosstalk sum is defined as 
Px = (Pxs^^ + PxA^^)^^"^' where P denotes the PSDs in W/Hz, and K„ = 1/0,6. 

In the case that the overall crosstalk noise is defined as the combination of self-crosstalk and alien crosstalk, a weighed 
sum " ♦ " of two individually defined profiles has to be evaluated. 

The NEXT transfer function H2(f,L) is modelled separately in clause 12.5.2. 

The noise of this noise generator shall be uncorrelated with all the other noise sources in the impairment generator, and 
uncorrelated with the SDSL system under test. The noise shall be random in nature and near Gaussian distributed, as 
specified in clause 12.5.4.2. 
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12.5.3.2 Equivalent FEXT disturbance generator [G2.xx] 

The FEXT noise generator represents the equivalent disturbance of all impairment that is identified as crosstalk noise 
from a predominantly Far End origin. This noise, filtered by the FEXT crosstalk couphng function of clause 12.5.2, will 
represent the contribution of all FEXT to the composite impairment noise of the test. 

The PSD of this noise generator is one of the PSD profiles, as specified in clause 12.5.4. For testing upstream and 
downstream performance different PSD profiles shall be used, as specified below: 

G2.UP.# = X.NT.# = (XS.NT.# ♦ XA.NT.#) 

G2.DN.# = X.LT.# = (XS.LT.# ♦ XA.LT.#) 

The symbols in this expression, refer to the following: 

Symbol "#" is a placeholder for noise model "A", "B", "C" or "D". 

Symbol "X.LT.#" and "X.NT.#" refers to the overall crosstalk profiles, as defined in clause 12.5.4.1. 

Symbol "XS.LT.#" and "XS.NT.#" refers to the self crosstalk profiles, as defined in clause 12.5.4.1.1. 

Symbol "XA.LT.#" and "XA.NT.#" refers to the alien crosstalk profiles, as defined in clause 12.5.4.1.2. 

Symbol " ♦ " refers to the FSAN crosstalk sum of two PSDs. This FSAN crosstalk sum is defined as 
Px = (Pxs*^ + PxA*^)^^*^' where P denotes the PSDs in W/Hz, and K„ = 1/0,6. 

In the case that the overall crosstalk noise is defined as the combination of self crosstalk and alien crosstalk, a weighed 
sum " ♦ " of two individually defined profiles has to be evaluated. 

The FEXT transfer function H2(f,L) is modelled separately in clause 12.5.2. 

The noise of this noise generator shall be imcorrelated with all the other noise sources in the impairment generator, and 
uncorrelated with the SDSL system under test. The noise shall be random in nature and near Gaussian distributed, as 
specified in clause 12.5.4.2. 

12.5.3.3 Background noise generator [G3] 

The background noise generator is inactive and set to zero. 

1 2.5.3.4 Wliite noise generator [G4] 

The white noise generator has a fixed, frequency independent value, and is set to a level between 
-140 dBm/Hz and -120 dBm/Hz, into 135 £1. The noise of this noise generator shall be uncorrelated with all the other 
noise sources in the impairment generator, and uncorrelated with the SDSL system under test. The noise shall be 
random in nature and near Gaussian distributed, as specified in clause 12.5.4.2. 

12.5.3.5 Broadcast RF noise generator [05] 

NOTE 1: Work on a specification dealing with generic RFl testing methods is ongoing. It is expected that the 

specification will contain a complete RFl testing specification, which will be mandatory for SDSL. This 
is why this clause is currently for information only. 

The broadcast RF noise generator represents the discrete-tone line interference caused by ampUtude modulated 

broadcast transmissions in the SW, MW and LW bands, which ingress into the cable. These interference sources have 
more temporal stability than the amateur (ham) interference (see clause 12.5.3.6) because their carriers are not 
suppressed. Ingress causes differential mode as well as common mode interference. 

The ingress noise signal for differential mode impairment (or common mode impairment) is a superposition of random 
modulated carriers (AM). The total voltage U{t) of this signal is defined as: 

U(t) = t/j. X cos{2n-f^ xt+(p^)x(l+mx a^{t)) 
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The individual components of this ingress noise signal U{t) are defined as follows: 

Uy. - The voltage Uy. of each individual carrier should be as specified in table 12.5 as power level P (dBm) into 

a resistive load R, equal to the design impedance Ry = 135 fi. Note that spectrum analysers will detect levels 

that are slightly higher than the values specified in table 12.5 when their resolution bandwidths are set to 
10 kHz or more, since they will detect the modulation power as well. 

/]j - The frequency fy- of each individual carrier should be as specified in table 12.5. The frequency values in 
table 12.5 do not represent actual broadcast frequencies but are chosen such that they cover the frequency 
range that is relevant for SDSL modems. Note that the harmonic relation between the carriers in table 12.5 is 

minimal. 

- The phase offset ^ of each individual carrier shall have a random value that is uncorrelated with the 
phase offset of every other carrier in the ingress noise signal. 

m - The modulation depth m of each individually modulated carrier shall be m = 0,32, to enable a modulation 
index of at least 80 % during the peak levels of the modulation signal m x a^^it). 

CCjjCO - The normahzed modulation noise aj,(f) of each individually modulated carrier shall be random in 
nature, shall be Gaussian distributed in nature, shaU have an RMS value of = 1, shall have a crest factor 
of 2,5 or more, and shall be uncorrelated with the modulation noise of each other modulated carrier in the 
ingress noise signal. 

Ab - The modulation width Ab of each modulated carrier shall be at least 2x5 kHz. This is equivalent to 
creating ttj. (t) from white noise, filtered by a low-pass filter with a cut-off frequency at Ab/2 = 5 kHz. This 
modulation width covers the full modulation band used by AM broadcast stations. 

NOTE 2: The precise specification of the spectral shape requirements of the modulation signal is for further study. 

The broadcast RF noise generator represents the discrete tone-hne interference caused by amphtude modulated 
broadcast transmissions in the SW, MW and LW bands which ingress into the differential or transmission mode of the 
wire -pair. These interference sources have more temporal stability than the amateur/ham interference because their 
carrier is not suppressed. The Modulation Index (MI) is usually up to 80 %. These signals are detectable using a 
spectrum analyser and result in line spectra of varying amplitude in the frequency band of the SDSL system under test. 
Maximum observable power levels of up to -40 dBm can occur on telephone lines in the distant vicinity of broadcast 
AM transmitters. The noise is typically dominated by the closest 10 or so transmitters to the victim wire-pair. 

Several noise models are specified in this clause. The average minimum power of each carrier frequency is specified in 
table 12.5 for each model, but these values are for further study (see the note 1 at the beginning of the clause). 



Table 12.5: Average minimum RFI noise power versus frequency 



frequency 


153 


207 


270 


531 


603 


711 


801 


909 


981 


1 296 


kHz 


power 


-70 


-44 


-70 


-70 


-49 


-70 


-70 


-44 


-70 


-49 


dBm 



1 2.5.3.6 Amateur RF noise generator [G6] 

The amateur radio noise generator is identical to the broadcast RF noise generator with different frequency and power 
values. These values are for further study. 

12.5.3.7 Impulse noise generator [G7] 

A test with this noise generator is required to prove the burst noise immunity of the SDSL transceiver. This immunity 
shall be demonstrated on short and long loops and noise to model cross-talk and RFI. The impulsive noise is for further 
study. 
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1 2.5.4 Profiles of the individual impairment generators 

Crosstalk noise represents all impairment that originates from systems connected to adjacent wire pairs that are bundled 
in the same cable. Their wires are coupled to the wires of the xDSL system under test, causing this spectrum of 
crosstalk noise to vary with the electrical length of the testloop. 

To simphfy matters, the definition of crosstalk noise has been broken down into smaller, more easily specified 
components. The two generators Gl and G2 represent the "equivalent disturbance". Their noise level originates from a 
mixture of many disturbers in a real scenario, as if all disturbers are collocated at the ends of the testloops. 

This equivalent disturbance, filtered by the NEXT and FEXT coupling functions, will represent the crosstalk noise that 
is to be injected in the test set-up. This approach has isolated their definition from the NEXT and FEXT coupUng 
functions of the cable. 

For SDSL testing, several models for crosstalk noise have been defined. The noise generated by these two equivalent 
disturbers is specified in this clause in the frequency domain as well as in the time domain. 

The frequency domain characteristics of each generator Gl and G2 is defined by a spectral profile, so each noise model 
has its own pair of spectral profiles: 

the profiles X.LT.# in this clause describe the total equivalent disturbance of a technology mix that is virtually 
co-located at the LT end of the testloop. This noise is represented by equivalent disturbance generator Gl, 
when stressing upstream signals, and by equivalent disturbance generator G2 when stressing downstream 
signals; 

the profiles X.NT.# in this clause describe the total equivalent disturbance of a technology mix that is virtually 
co-located at the NT end of the testloop. This noise is represented by equivalent disturbance generator G2, 
when stressing upstream signals, and by equivalent disturbance generator Gl when stressing downstream 
signals. 

The PSD levels of equivalent disturbance generator Gl and G2 are interchanged for upstream and downstream testing. 

12.5.4.1 Frequency domain profiles for SDSL 

This clause specifies the PSD profiles X.LT.# and X.NT.# that apply for the equivalent disturbers Gl and G2 when 
testing SDSL systems. In this nomenclature "#" is used as a placeholder for noise model "A", "B","C", and "D". 

Four noise models have been defined for SDSL: 

type "A" models are intended to represent a high penetration scenario where the SDSL system under test is 
placed in a distribution cable (up to hundreds of wire pairs) that is filled with many other (potentially 
incompatible) transmission systems; 

type "B" models are intended to represent a medium penetration scenario where the SDSL system under test 
is placed in a distribution cable (up to tens of wire pairs) that is filled with many other (potentially 

incompatible) transmission systems; 

type "C" models are intended to represent a legacy scenario that accounts for systems such as ISDN-PRI 
(HDB3), in addition to the medium penetration scenario of model "B"; 

type "D" models are intended to represent a reference scenario consisting of a cable filled with SDSL systems 
all operating at the same rate, or filled with SDSL systems operating at different rates. 

Noise generator Gl specifies the NEXT component of the noise and is specified in clause 12.5.3.1 for upstream and 
downstream testing. Noise generator G2 specified the FEXT component of the noise and is specified in clause 12.5.3.2 

for upstream and downstream testing. 

These profiles shall be met for all frequencies between 1 kHz to 1 MHz. 
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1 2.5.4.1 .1 Self crosstalk profiles 

The noise profiles XS.LT.# and XS.NT.#, representing the equivalent disturbance of self crosstalk, are specific to the 
PSD parameters of the system under test, defined by the specific payload, symmetry and power-back-off features. For 
compliance with the requirements of the present document, the appropriate nominal PSD from clause 9.4 shall be used. 

For testing SDSL, four noise models for self crosstalk have been defined. The LT- and NT-profiles are specified in 
table 12.6. 

In this nomenclature "#" is a placeholder for noise model "A", "B","C" or "D". "SDSL.dn" is the signal spectrum that 
SDSL transmits in the downstream direction, and "SDSL.up" in the upstream direction. 



Table 12.6: Definition of the self crosstalk for SDSL testing 





Model A 


Model B 


Model C 


Model D 


XS.LT.#: 


"SDSL.dn" + 11,7dB 


"SDSL.dn" + 7,1 dB 


"SDSL.dn" + 7,1 dB 


"SDSL.dn" + 10,1 dB 


XS.NT.#: 


"SDSLup" + 11,7dB 


"SDSLup" + 7,1 dB 


"SDSL.up" + 7,1 dB 


"SDSLup" + 10,1 dB 


NOTE: The different noise models use different gain factors. 



1 2.5.4.1 .2 Alien crosstalk profiles 

The noise profiles XA.LT.# and XA.NT.#, representing the equivalent disturbance of alien crosstalk. For testing SDSL, 
four noise models for alien crosstalk have been defined. The LT -profiles are specified in table 12.7 and the NT-profiles 
in table 12.8. Each PSD profile originates from a mix of disturbers. The alien noise in model D is made inactive, to 
achieve one pure self crosstalk scenario. 



Table 12.7: Break frequencies of the "XA.LT.#" PSD profiles that specify 
the equivalent disturbance spectra of alien disturbers 



XA.LT.A 




XA.LT.B 




XA.LT.C 




XA.LT.D 


Freq 


PSD 




Freq 


PSD 




Freq 


PSD 




Freq 


PSD 


[Hz] 


[dBm/Hz] 




[Hz] 


[dBm/Hz] 




[Hz] 


[dBm/Hz] 




[Hz] 


[dBm/Hz] 


1 


-20,0 




1 


-25,7 




1 


-25,7 








15 k 


-20,0 




15 k 


-25,7 




15k 


-25,7 








30 k 


-21,5 




30 k 


-27,4 




30 k 


-27,4 




ALL 


-OO 


67 k 


-27,0 




45 k 


-30,3 




45 k 


-30,3 








125 k 


-27,0 




70 k 


-36,3 




70 k 


-36,3 








138 k 


-25,7 




127 k 


-36,3 




127 k 


-36,3 








400 k 


-26,1 




138 k 


-32,1 




138 k 


-32,1 








1 104 k 


-26,1 




400 k 


-32,5 




400 k 


-32,5 








2,5 M 


-66,2 




550 k 


-32,5 




550 k 


-32,5 








4,55 M 


-96,5 




610k 


-34,8 




610k 


-34,8 








30 IVI 


-96,5 




700 k 


-35,4 




700 k 


-35,3 














1 104 k 


-35,4 




1 104 k 


-35,3 














4,55 M 


-103,0 




1,85 M 


-58,5 














30 M 


-103,0 




22,4 M 


-103,0 




















30 M 


-103,0 









NOTE: Tlie PSD profiles are constructed with straight lines between these break frequencies, when 
plotted against a logarithmic Uequency scale and a linear 6Bm scale. The levels are defined 
into a 135 n resistive load. 
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Table 12.8: Break frequencies of the "XA.NT.#" PSD profiles that specify 
the equivalent disturbance spectra of alien disturbers 



XA.NT.A 




XA.NT.B 




XA.NT.C 




XA.NT.D 


Freq 


PSD 




Freq 


PSD 




Freq 


PSD 




Freq 


PSD 


[Hz] 


[dBm/Hz] 




[Hz] 


[dBm/Hz] 




[Hz] 


[dBm/Hz] 




[Hz] 


[dBm/Hz] 


1 


-20,0 




1 


-25,7 




1 


-25,7 








15 k 


-20,0 




15 k 


-25,7 




15 k 


-25,7 








60 k 


-25,2 




30 k 


-26,8 




30 k 


-26,8 




ALL 


-OO 


276 k 


-25,8 




67 k 


-31,2 




67 k 


-31,2 








500 k 


-51,9 




142 k 


-31,2 




142 k 


-31,2 








570 k 


-69,5 




156 k 


-32,7 




156 k 


-32,7 








600 k 


-69,9 




276 k 


-33,2 




276 k 


-33,2 








650 k 


-62,4 




400 k 


-46,0 




335 k 


-42,0 








763 k 


-62,4 




500 k 


-57,9 




450 k 


-47,9 








1,0 M 


-71,5 




570 k 


-75,7 




750 k 


-45,4 








2,75 M 


-96,5 




600 k 


-76,0 




1 040 k 


-45,5 








30 M 


-96,5 




650 k 


-68,3 




2,46 M 


-63,6 














763 k 


-68,3 




23,44 M 


-103,0 














1,0 M 


-77,5 




30 M 


-103,0 














2,8 M 


-103,0 




















30 M 


-103,0 















NOTE: The PSD profiles are constructed with straight lines between these break frequencies when 
plotted against a logarithmic irequency scale and a linear dBm scale. The levels are defined 
into a 135 n resistive load. 



1 2.5.4.2 Time domain profiles of generator G1 -G4 

The noise, as specified in the frequency domain in clauses 12.5.3.1 to 12.5.3.7, shall be random in nature and near 
Gaussian distributed. This means that the amplitude distribution function of the combined impairment noise injected at 
the adding element shall lie between the two bovmdaries as illustrated in figure 12.9, where the non-shaded area is the 
allowed region. The boundaries of the mask are specified in table 12.9. 

It is expected that noise generators will generate signals that are approximately Gaussian. Therefore, the upper bound of 
figure 12.9 is loose. PDFs of signals generated by noise generators are expected to be well below the upper bound 
allowed by the PDF mask shown in figure 12.9. 

The ampUtude distribution function F(a) of noise u(t) is the fraction of the time that the absolute value of u(t) exceeds 
the value "a". From this definition, it can be concluded that F(0) = 1 and that F(a) monotonically decreases up to the 
point where "a" equals the peak value of the signal. From there on, F(a) vanishes: 

F(a):=0,for a>\up^ak\ 

The boundaries on the amplitude distribution ensure that the noise is characterized by peak values that are occasionally 
significantly higher than the rms- value of that noise (up to 5 times the rms-value). 
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Figure 12.9: Mask for the amplitude distribution function 
Table 12.9: Upper and lower boundaries of the amplitude distribution function of the noise 



Boundary (a = rms value of noise) 


interval 


F|ower(a) = (1 " e) " {1 " erf((a/o)/V2) } 
'^lower(3) = 


< a/o < CF 
CF < a/o < CO 


Fupper(a) = (1 + e) " {1 - erf((a/o)/V2) } 
Fupper(a) = (1 + e) ■ {1 - erf(A/V2) } 


< a/o < A 

A < a/o < oo 



parameter 


value 


crest factor 
Gaussian gap 


CF = 5 

e = 0,1 

A = CF/2 = 2,5 



The meaning of the parameters in table 12.9 is as follows: 

CF denotes the minimum crest factor of the noise, that characterizes the ratio between the absolute peak value 
and rms value (CF = lUpgaj^l/u^j^jj,); 

£ denotes the Gaussian gap that indicates how "close" near Gaussian noise approximates true Gaussian noise; 

A denotes the point beyond which the upper limit is relaxed to allow the use of noise signals of practical 
repetition length. 

12.5.4.3 Mandatory noise shape substitution rule 

The strict application of the test procedure requires a different noise shape for each test although some of the noise 
shapes are very similar. In order to reduce the number of possible noise shapes, the following substitution rule is 
mandatory. It reduces the number of noise shapes from 280 to 22. 

Table 12.10 tabulates the noise substitution rule. The following nomenclature is used to describe a shape: 

"Side (C or R) Rate (384 to 2 304) PSDType (s for symmetric) noise model (A to D)" 

EXAMPLE 1: C384sA2 represents the noise shape on the LT side for the 384 kbps rate using the symmetric PSD 
corresponding to noise model A and loop 2. 

EXAMPLE 2: C384sAX represents the noise shape on the LT side for the 384 kbps rate using the symmetric 
PSD corresponding to noise model A and any loop. 
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EXAMPLE 3: Rule 7 requires that the following noise shapes: R384sAl, R384sA2, R384sA3, R384sA4, 

R384sA5, R384sA6, R384sA7, R512sAl, R512sA2, R512sA3, R512sA4, R512sA5, R512sA6, 
R512sA7 be replaced by the single noise shape R768sA2. 

EXAMPLE 4: Conducting test set 3 of table 12.1 for 384 kbps at the LT end. The loop and transceiver would be 

set-up as per the test description (loop #3 upstream set to 43 dB @ 150 kHz, which is equivalent to 
a length of 5 563 m). The transceiver would be set to 384 kbps. The noise shape injected would be 
"R768sC2" rather than "C384sD3" (rule 9). 



Table 12.10: Noise shape substitution rule 



Rule# 


This shape 


Replaces those shapes (on a row by row basis) where X represents any loop 

number 


1 


"C768sA2" 


"C384sAX" 


"C512sAX" 










2 


"C768sC2" 


"C384sBX" 


"C512sBX" 


"C384sCX" 


"C512sCX" 






3 


"C1536sA2" 


"C768sAX" 


"C1024sAX" 


"C1280sAX" 








4 


"C1536sC2" 


"C768sBX" 


"C1024sBX" 


"C1280sBX" 


"C768sCX" 


"C1024sCX" 


"C1280sCX" 


5 


"C2304sA2" 


"C1536sAX" 


"C2048sAX" 


"C2304sAX" 


"C1536sAX" 






6 


"C2304sC2" 


"C1536sBX" 


"C2048sBX" 


"C2304sBX" 


"C1536sCX" 


"C2048sCX" 


"C2304sCX" 


7 


"R768sA2" 


"R384sAX" 


"R512sAX" 










8 


"R768sB2" 


"R384sBX" 


"R512sBX" 










9 


"R768sC2" 


"R384sCX" 


"R512sCX" 


"C384sDX" 


"R384sDX" 


"C512sDX" 


"R512sDX" 


10 


"R1536sA2" 


"R768sAX" 


"R1024sAX" 


"R1280sAX" 


"R1536sAX" 






11 


"R1536sB2" 


"R768sBX" 


"R1024sBX" 


"R1280sBX" 


"R1536sBX" 






12 


"R1536sC2" 


"R768sCX" 


"R1024sCX" 


"R1280sCX" 


"R1536sCX" 






13 


"R2048sA2" 


"R2048sAX" 












14 


"R2048sB2" 


"R2048sBX" 












15 


"R2048sC2" 


"R2048sCX" 












16 


"R2304sA2" 


"R2304sAX" 












17 


"R2304sB2" 


"R2304sBX" 












18 


"R2304sC2" 


"R2304sCX" 












19 


"C1280sD2" 


"C768sDX" 


"R768sDX" 


"C1280sDX" 


"R1280sDX" 






20 


"C1536sD2" 


"C1024sDX" 


"R1024sDX" 


"C1536sDX" 


"R1536sDX" 






21 


"C2048sD2" 


"C2048sDX" 


"R2048sDX" 










22 


"C2304sD2" 


"C2304sDX" 


"R2304sD" 











12.6 Measurement of noise margin 

At start-up, the level and shape of crosstalk noise or impulse noise are adjusted, while their level is probed at port Rx to 
meet the impairment level specification in clause 12.2.2. This relative level is referred to as dB. The transceiver link is 
subsequently activated, and the bit error ratio of the link is monitored. 
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1 2.6. 1 Measurement of crosstalk noise margin 

For measuring the crosstalk margin, the crosstalk noise level of the impairment generator as defined in clause 12.5.4.1, 
shall be increased by adjusting the gain of amplifier Al in figure 12.8, equally over the full frequency band of the SDSL 
system under test, until the bit error ratio is higher than 10"^. This BER will be achieved at an increase of noise of x dB, 
with a small uncertainty of Ax dB. This value x is defined as the crosstalk noise margin with respect to a standard noise 
model. 

The noise margins shall be measured using the testloops specified in figure 12.5 and scaled according to tables 12.2 and 
12.3. 

NOTE: Currently, the injected noise, for the purpose of crosstalk noise margin measurement, consist in the sum 
of generators Gl, G2 and G4 as described in clause 12.5.1. Annex 1 tabulates the values of the injected 
noise corresponding to dB margin and a white noise generator value of -140 dBm/Hz. The injected 
noise should be measured per clause 12.2.3.1. The mandatory test cases are described in clause 12.3. A 
mandatory noise substitution rule is described in clause 12.5.4.3. 

12.6.2 IVIeasurement of impulse noise margin 

For further study. 

12.7 IVIicro interruptions 

A micro interruption is a temporary line interruption due to external mechanical action on the copper wires constituting 

the transmission path, for example, at a cable splice. Splices can be hand-made wire-to-wire junctions, and during cable 
life oxidation phenomena and mechanical vibrations can induce micro interruptions at these critical points. 

The effect of a micro interruption on the transmission system can be a failure of the digital transmission link, together 
with a failure of the power feeding (if provided) for the duration of the micro interruption. 

The objective is that in the presence of a micro interruption of specified maximum length the SDSL transceiver should 
not reset, and the system should automatically reactivate. 

The transceiver shall not be reset by a micro interruption event with a duration t = 10 ms which shall occur at an event 
frequency of 0,2 Hz. 

For further study. 



13 Power feeding 

13.1 General 

This clause deals with power feeding of the NTU, regenerators (if required) and the provision of power to the 
apphcation interface for narrowband services under restricted conditions (lifeline circuit). 

The requirements given in this clause imply comphance to EN 60950 [5]. 

1 3.2 Power feeding of the NTU 

The NTU shall be able to consume power from the remote power feeding circuit when the local power supply fails. 

NOTE 1 : The remote feeding strategy may not be applicable for extremely long lines or lines including 

regenerators. In those cases specific feeding methods may be applied, which are for further study. 

The NTU shall be able to draw up to a maximum of 10 mA as wetting current from the remote feeding circuit when the 
NTU is being powered locally. 
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NOTE 2: The 10mA current limit is not derived from any electrical safety specification. Its aim is to limit the 
power budget delivered by the network when wetting current is applied. 

NOTE 3: The details of wetting current need further study. 

1 3.3 Power feeding of the interface for narrowband services 

When simultaneous telephone service is provided by the NTU, feeding of restricted mode power for lifeline service has 
to be provided for at least one telephone set in case of local power fail. The requirements for ISDN-BA are described in 
EN 300 012-1 [3] and information on power feeding for analogue access is described in EN 300 001 [4], 
EG 201 185 [13] and TBR 021 [22]. 

NOTE: The remote feeding strategy may not be applicable for extremely long lines or lines including 

regenerators. In those cases, specific feeding methods may be applied which are for further study. 

13.4 Feeding power from the LTU 

The feeding power shall be limited to the values specified in EN 60950 [5] to meet the requirements for TNV-3. 

1 3.5 Power available at the NTU 

13.5.1 Static requirements 

The NTU shall be able to deal with any polarity. 

The maximum power drawn by the SDSL NTU when the local power fails and lifeline service has to be provided is 
2,1 W. 

NOTE: In order to enhance the performances in the critical conditions (longest loops and lower input voltages) 
and to avoid giving unnecessary burden to the design of the NTU, compliance to the 2, 1 W limit is 
requested only when the NTU input voltage is < 70 V. With NTU input voltages higher than 70 V (short 
loops and higher LTU feeding voltages), a power consumption up to 2,5 W is permitted. 

13.5.2 Dynamic requirements 

The values given in this clause represent currently used practice of testing dynamic power feeding behaviour. 
The test shall be carried out with the test circuit given in figure 13.1. 

The current drawn, by the test circuit, from the voltage source shall be below X mA, where X is given in table 13.1, 
1,5 s after switch-on of the feeding voltage. 

When the voltage at the NTU exceeds for a first time 28 V, this voltage limit shall be maintained further on and shall 
not go below 28 V again. 




R1 



Uc 



line 



NT1 

(in restricted 
power mode) 



UNI 



Test load 
representing 
one narrowband 
IE 

(POTS or ISDN) 



Figure 13.1 : Test circuit for NTU 
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Table 13.1 : Values of components for NTU power source test load according to figure 13.1 



Voltage range (V) 


R1 (ft) 


X(mA) 


51 -69 


283 


TBD (see note) 


66-70 


473 


TBD (see note) 


90-110 


880 


60 


95-99 


981 


60 


107 - 112 


1 244 


60 


NOTE: These values are left for further study. 



13.5.3 Reset of NTU 

The NTU, independently from the operating condition such as feeding voltage, line resistance, active/deactivated state 
and power drawn by the user/network interface, shall enter a reset state (i.e. physical reset of the hne transceiver) no 
later than 2 s after interruption of the remote current fed towards the NTU. 

1 3.6 DC and low frequency AC termination of NTU 

When remote power feeding is provided by the network, the NTU and the side of the REG directed towards the LTU 
shall enter a high impedance state within 2 s after interruption of the remote current fed towards the NTU or the REG 
respectively. This state shall be maintained as long as the voltage on the line stays below 18 V (DC + AC peak). In this 
state, the leakage current shall be less than 10 |jA and the capacitance shall be greater than 2 |jE. 

14 Environnnental requirennents 

14.1 Climatic conditions 

CUmatograms appUcable to the operation of SDSL equipment can be found in ETS 300 019 [6]. The choice of classes is 
under national responsibility. 

14.2 Safety 

Safety requirements are mentioned in clause 13 "Power feeding". 

14.3 Over-voltage protection 

No over-voltage protection requirements are specified under the present document. 

NOTE: Depending on the equipment NTU, LTU or REG, the ITU-T Recommendations K.2 1 [ 1 1 J , K.20 [ 1 0] or 
K.17 [9] should be applied. 

14.4 Electromagnetic compatibility 

The EMC requirements are defined according to the equipment type and as described in EN 300 386 [7]. 

NOTE: Additional EMC requirements may be imposed under EMC Directive (89/336/EEC) (see bibliography). 
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Annex A (normative): 
Application specific TPS-TC 

A.1 TPS-TC for clear channel data 

In Clear Channel mode, there shall be no specified relationship between the structure of the user data and its positioning 
within the payload sub-blocks, bits of contiguous user data shall be contained within each sub-block, as specified in 

clause 7.1.2. The temporal relationship between the user data stream and the data within the sub-blocks shall be 
maintained such that the order of bits in time from the user data stream shall match the order of transmission within the 
SDSL payload sub-blocks. Any additional structure within the user data shall be maintained by an unspecified higher 
layer protocol and is outside the scope of the present document. 

In the optional four -wire mode, clear channel data will be carried over both pairs using interleaving, as described in 
clause 7.1.4.2. fc^bits of contiguous user data shall be contained within a sub-block on Pair 1, and the following ^^bits 

of contiguous user data shall be contained within the corresponding sub-block on Pair 2. As noted above, any additional 
structure within the user data shall be maintained by an unspecified higher layer protocol and is outside the scope of the 
present document. 



A.2 TPS-TC for clear channel byte-oriented data 

In the byte-oriented clear channel mode, the input byte stream shall be aligned within the SDSL payload sub-block such 
that the byte boundaries are preserved. Each payload sub-block is treated as containing n 8-bit time slots. Each byte 
from the input data stream is mapped LSB-first into the next available time slot. The first time slot begins at the first bit 
position within the payload sub-block, followed by time slot 2, time slot 3, . . ., time slot n. bits (or n bytes) of 

contiguous data shall be contained within each Sub-Block, as specified in clause 7.1.2. k^ = i + nx?,, and, in this mode, 

i = and 3 < n < 36. See figure A.l for additional details. 
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Figure A.1: 


Clear channel byte-oriented framing 
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In the optional four -wire mode, byte-oriented data is carried over both pairs using interleaving, as described in 
clause 7.1.4.2. A total of 2kjbits (2n bytes) of by te-oriented data shall be transported per SDSL payload sub-block. 
k^=i + nx8, and, in this mode, i = and 3 < n < 36. Only even numbers of time slots may be supported in four-wire 
mode. The input byte stream shall be aligned within the SDSL payload sub-block such that the byte boundaries are 
preserved. Each payload sub-block is treated as containing 2n 8-bit time slots. Each byte from the input data stream is 
mapped LSB-first into the next available time slot. The first time slot begins at the first bit position within the payload 
sub-block, followed by time slot 2, time slot 3, time slot n. 2kj,bits (or 2n bytes) of contiguous data shall be 
contained within each Sub-Block, as specified in clause 7.1.4.1. = i + nx8, and, in this mode, ; = and 3 < n < 36. 

The bytes from the input data stream shall be interleaved between Pair 1 and Pair 2, such that the odd numbered bytes 
are carried on Pair 1 and the even numbered bytes are carried on Pair 2. See figure A.2 for additional details. 
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Figure A.2: Four-wire framing for byte-oriented clear channel 



A.3 TPS-TC for European 2 048 kbit/s digital 
unstructured leased line (D2048U) 

D2048U data streams contain unstructured 2,048 Mbit/s data with no specified framing. These data streams shall be 
carried using the clear channel TPS-TC described in clause A.L 



A.4 TPS-TC for Unaligned European 2 048 kbit/s Digital 
Structured Leased Line (D2048S) 

Much of the data within the European network is structured as D2048S data streams, which, for purposes of the present 
document, can be described as 2,048 Mbit/s data streams containing 8 kHz framing, with each frame containing 32 8-bit 
time slots. Details of D2048S framing and associated data structure can be found in 
ITU-T Reconamendation G.704 [19], clause 2.3. 
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In unaligned D2048S mode, there shall be no specified relationship between the D2048S frames and their positioning 
within the payload sub-blocks, bits of contiguous data shall be contained within each Sub-Block, as specified in 

clause 7.1.2. k^ = i + nxS, and, in this mode, n = 32 and i = 0. The D2048S framing clocks shall be synchronized to the 
SDSL clocks such that the D2048S frame always appears in the same position within each SDSL payload sub-block; 
however, no particular aligimient is specified. The temporal relationship between the D2048S data stream and the data 
within the sub-blocks shall be maintained, such that that the order of bits in time from the D2048S data stream shall 
match the order of transmission within the SDSL payload sub-blocks. 

The optional four-wire mode will not support unaligned D2048S transport. 



A.5 TPS-TC for aligned European 2 048 kbit/s digital 
structured leased line (D2048S) and fractional 

As noted in clause A.4, D2048S data streams consist of 2,048 Mbit/s data streams containing 8 kHz framing, with each 
frame containing 32 8-bit time slots. In some cases, fractional D2048S data streams are used, where frames contain less 
than the normal 32 8-bit time slots. 

In the aligned D2048S mode, each D2048S frame shall be aligned within the SDSL payload sub-block such that the 
first time slot begins at the first bit position within the payload sub-block, followed by time slot 2, time slot 3, . . ., time 
slot n. bits of contiguous data shall be contained within each sub-block, as specified in clause 7.1.2. k^ = i + nxS, 

and, in this mode, i = 0. In D2048S applications, n = 32, and, in Fractional D2048S applications, 3 < n < 32. The 
D2048S framing clocks shall be synchronized to the SDSL clocks such that the D2048S frame always appears in the 
defined position within each SDSL payload sub-block. See figure A.3 for additional details. 
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Figure A.3: Aligned D2048S/fractional D2048S framing 



In the optional four -wire mode, D2048S/fractional D2048S data will be carried over both pairs using interleaving, as 
described in clause 7. 1 .4.2. A total of 2k^ bits of D2048S / fractional D2048S data shall be transported per SDSL 

payload sub-block. k^ = i + nx 8, and, in this mode, ; = 0. In D2048S applications, n = 16, and in fractional El 
applications, 3 < « < 16. Only even numbers of D2048S time slots may be supported in four -wire mode. The time slots 
of the D2048S frame shall be interleaved between Pair 1 and Pair 2, such that the odd numbered time slots are carried 
on Pair 1 and the even numbered time slots are carried on Pair 2. See figure A.4 for additional details. 
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Figure A.4: Four-wire framing for aligned D2048S/fractional D2048S 



A.6 TPS-TC for synchronous ISDN BA 

In this TPS-TC mode, the mapping of the ISDN customer data channels to SDSL payload channels is specified for 
synchronous transport of multiple ISDN BAs using clock mode 3a, as specified in clause 8.2. 

The ISDN customer data channels are embedded into the payload data within the SDSL frames. ISDN channels and 
SDSL frames (and any other TPS-TC if dual bearer mode is utilized) are synchronized to the same clock domain. 

NOTE: It is not expected that the transport mode described in this annex will be used simultaneously with the 
LAPV5 enveloped POTS and ISDN transport described in clause A.IO. Therefore the EOC message 
described in clause A. 10.6 can be used to signal to the other end the number of ISDN, POTS and 
signalling channels used. 



A.6.1 ISDN BA over SDSL frames 

Figure A.5 illustrates typical transport of ISDN BAs within the SDSL frames. The basic characteristics of this transport 
are as follows: 

B channels and D channels are mapped on SDSL payload channels; 

the ISDN BA does not need a separate synchronization since the SDSL frames are synchronized to the same 
clock domain. Therefore, the ISDN frame word (12 kbit/s) is not needed; 

the ISDN M-channel transports ISDN line status bits, transmission control information as well as signalling to 
control the ISDN connection. Only the ISDN M-channel fiinctions, which are needed to control the interface to 
the ISDN terminal equipment, are transported over a messaging channel (SDSL eoc or fast signalling channel). 
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A.6.2 Mapping of ISDN B- and D-channels on SDSL payload 
channels 

The ISDN B- and D- channels are transported within the SDSL payload sub-blocks. The SDSL payload data is 
structured within the SDSL frames as follows: 

each payload sub-block contains k^=i + nx8 bits (i = 0..7 and n = 3. .36); 

each sub-block is ordered in the following way: / 1-bit timeslots followed by n 8-bit timeslots; 
1-bit timeslots are referred to as Z-bits, and 8-bit timeslots are referred to as ... Bjj. 
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ISDN Basic Rate Access (144 kbIt/s) 
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Figure A.5: Mapping of ISDN B- and D-cliannels 

The payload sub-blocks are composed of combinations of n x Bbit B timeslots and i x Ibit Z-timeslots: 

n corresponds to the number of 64 kbit/s payload channels; 

; corresponds to the number of 8 kbit/s channels. 
This payload structure allows efficient mapping of ISDN BA channels on SDSL frames. 

Data channels (64 kbit/s each, designated Bj - Bp are mapped onto 64 kbit/s B-channels; 

Signalhng channels (16 kbit/s each, designated Dj - D^) are mapped onto two 8 kbit/s Z-channels each. 
NOTE: If four or more ISDN BAs are transported, four Djg channels are mapped on one 64 kbit/s B-channel. 
A general example of this mapping technique is shown in figure A.5. 
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A.6.3 Multi-ISDN BAs 



The transport of up to 6 ISDN BAs is described in detail in the next clauses. Figure A.6 shows a mapping example for 
two ISDN BAs. 
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Figure A.6: Framing example: 2 x ISDN BA 

The transport of the customer data charmels of each ISDN BA requires 144 kbit/s bandwidth. Table A.l shows the 
number of required B- and Z-channels. 



Table A.1 : K x ISDN BA 



Number of 
ISDN BA 

(K) 


Payload bit rate 
Kx(128 kbit/s + 16 kbit/s) 


Application 


B-clianneis 
(64 kbit/s) n 


Z-clianneis 
(8 kbit/s) / 


1 


144 


1 ISDN BA 


2 


2 


2 


288 


2 ISDN BA 


4 


4 


3 


432 


3 ISDN BA 


6 


6 


4 


576 


4 ISDN BA 


9 





5 


720 


5 ISDN BA 


11 


2 


6 


864 


6 ISDN BA 


13 


4 



A.6.4 ISDN BA for lifeline service 

Lifeline service in case of local power failure can be provided by one ISDN B A. The lifeline B A is always the one that 
is transported over the first time slots of each payload sub-block (e.g. Zy, By, B2). Remote power feeding is 

provided by the central office such that the transceiver can operate in a reduced power mode. 
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A.6.5 Time slot positions of ISDN B- and Di6-channels (eoc 
signalling) 

If multiple ISDN BAs are transported over SDSL, certain data channels in the SDSL payload sub-blocks must be 
assigned to each ISDN BA. Tables A.2 to A. 5 show the allocation of the ISDN data channels of up to 4 BAs. The 
Signalhng is transmitted over the SDSL eoc. In order to avoid urmecessary shifting of ISDN D- and B- bits, the 
respective D-bits are transmitted after their B- bits in the subsequent SDSL payload sub-block (B-bits in Nth payload 
block and D-bits in + 1th payload sub-block; if the B-bits are transmitted in the last payload sub-block of an SDSL 
frame, the D-bits are transmitted in the first payload sub-block of the next SDSL frame). 



Table A.2: Time slot allocation for 1 ISDN BA 



ISDN BA number 


ISDN B^ time slot 


ISDN B2 time slot 


ISDN D.,etlme slots 


1 


Bi 


B2 




Table A.3: Time slot allocation for 2 ISDN BAs 


ISDN BA number 


ISDN B^ time slot 


ISDN B2 time slot 


ISDN D.,etlme slots 


1 


Bi 


B2 


Z1+Z2 


2 


B3 


B4 


Z3 + Z4 



Table A.4: Time slot allocation for 3 ISDN BAs 



ISDN BA number 


ISDN B^ time slot 


ISDN B2 time slot 


ISDN D.|etlme slots 


1 


Bi 


B2 


Z1+Z2 


2 


B3 


B4 


Z3 + Z4 


3 


B5 


Be 


Z5 + Z6 



Table A.5: Time slot allocation for 4 ISDN BAs 



ISDN BA number 


ISDN time slot 


ISDN B2 time slot 


ISDN D.,etime slots 


1 


B2 


B3 


(Bit 1 and 2) 


2 


B4 


B5 


(Bit 3 and 4) 


3 


Be 


B7 


B^ (Bit 5 and 6) 


4 


Ba 


B9 


B^ (Bit 7 and 8) 



A.6.5. 1 Time slot Positions of ISDN B- and Di6-channels (EOC signalling) in 
4-wire mode 

In the optional four-wire mode, the allocation of up to 3 ISDN BAs to time slots and Z-bits shall be as shown in 
tables A.2 to A.4. The allocation for 4 ISDN BAs is shown in table A.6. 



Table A.6: Time Slot Allocation for 4 ISDN BAs in four-wire mode 



ISDN BRA number 


ISDN B^ time slot 


ISDN Bjtlme slot 


ISDN D.,gtlme slots 


1 


TS, 


TS2 


Z1+Z2 


2 


TS3 


TS4 


Z3 + Z4 


3 


TS5 


TSg 


Z5 + Z6 


4 


TS7 


TSg 


Z7 + Z8 
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The Z-bits and time slots shall be interleaved between Pair 1 and Pair 2, such that the odd numbered Z-bits and time 
slots are carried on Pair 1 and the even numbered Z-bits and time slots are carried on Pair 2. See figure A.7 for 
additional details. 
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Figure A.7: four-wire framing for ISDN BRA 



A. 6. 6 Time slot positions of ISDN B- and Di6-channels and the 
optional fast signalling channel 

The optional 8 kbit/s fast signalling channel is always conveyed in Zj, as shown in figure A.8. If this fast signalling 
channel is used, up to 6 ISDN BA can be transported over SDSL. 

In order to avoid unnecessary shifting of ISDN D- and B- bits, the respective D-bits are transmitted after their B-bits in 
the subsequent SDSL payload sub-block (B-bits in Nth payload block and D-bits in A'^ + 1th payload block; if the B-bits 
are transmitted in the last payload sub-block of an SDSL frame, the D-bits are transmitted in the first payload sub-block 
of the next SDSL frame). Tables A.7 to A. 12 show the time slot allocation using the fast signalling channel for up to 6 
ISDN BA. 
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Figure A.8: Mapping of ISDN B- and D- cliannels witli a fast signalling channel 
Table A.7: Time slot allocation for 1 ISDN BA using the fast signalling channel 



ISDN BA number 


ISDN B^ time slot 


ISDN B2 time slot 


ISDN D^gtime slots 


1 


Bi 


B2 


Z2 + Z3 


Table A.8: Time slot allocation for 2 ISDN BA using the fast signalling channel 


ISDN BA number 


ISDN B^ time slot 


ISDN B2 time slot 


ISDN D^gtime slots 


1 


Bi 


B2 


Z2 + Z3 


2 


B3 


B4 


Z4 + Z5 


Table A.9: Time slot allocation for 3 ISDN BA using the fast signalling channel 


ISDN BA number 


ISDN B^ time slot 


ISDN B2 time slot 


ISDN D^g time Slots 


1 


Bi 


B2 


Z2 + Z3 


2 


B3 


B4 


Z4 + Z5 


3 


B5 


Be 


Z6 + Z7 
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Table A.10: Time slot allocation for 4 ISDN BA using the fast signalling channel 



ISDN BA number 


ISDN time slot 


ISDN B2 time slot 


ISDN D^gtime slots 


1 


B2 


B3 


Bi (Bit 1 and 2) 


2 


B4 


B5 


(Bit 3 and 4) 


3 


Be 


B7 


(Bit 5 and 6) 


4 


Ba 


B9 


B^ (Bit 7 and 8) 



Table A.11 : Time slot allocation for 5 ISDN BA using the fast signalling channel 



ISDN BA number 


ISDN B^ time slot 


ISDN B2 time slot 


ISDN D^gtime slots 


1 


B2 


B3 


Z2 + Z3 


2 


B4 


B5 


B^ (Bit 1 and 2) 


3 


Be 


B7 


B^ (Bit 3 and 4) 


4 


Bs 


B9 


B^ (Bit 5 and 6) 


5 


Bio 


B11 


Bi (Bit 7 and 8) 



Table A.12: Time slot allocation for 6 ISDN BA using the fast signalling channel 



ISDN BA number 


ISDN B^ time slot 


ISDN B2 time slot 


ISDN D^gtime slots 


1 


B2 


B3 


Z2 + Z3 


2 


B4 


B5 


Z4 + Z5 


3 


Be 


B7 


Bi (Bit 1 and 2) 


4 


Bs 


B9 


B^ (Bit 3 and 4) 


5 


B10 


B11 


Bi (Bit 5 and 6) 


6 


B12 


Bl3 


Bi (Bit 7 and 8) 



A.6.6.1 Time Slot Positions of ISDN B- and Di6-channels (fast signalling) in 
four-wire mode 

In the optional four-wire mode, the allocation of up to 3 ISDN BAs to time slots and Z-bits shall be as shown in tables 
A.7 to A.9. The allocation for 4 to 6 ISDN BAs is shown in tables A.13 to A.15. 



Table A.13: Time slot allocation for 4 ISDN BAs 
using the fast signalling channel in four-wire mode 



ISDN BA Number 


ISDN B^ time slot 


ISDN B2tlme slot 


ISDN D^gtime slots 


1 


TS, 


TS2 


Z2 + Z3 


2 


TS3 


TS4 


Z4 + Z5 


3 


TS5 


TSg 


Z6 + Z7 


4 


TS7 




Zs+Zg 
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Table A.14: Time slot allocation for 5 ISDN BAs 
using the fast signalling channel in four-wire mode 



ISDN BA Number 


ISDN time slot 


ISDN Bjtime slot 


ISDN D^gtime slots 


1 


TSi 


TS2 


Z2 + Z3 


2 


TS3 


TS4 


Z4 + Z5 


3 


TS5 


TSg 


Z6 + Z7 


4 




TSg 


Zs+Zg 


5 


TSg 


TS10 


Z10 + Z11 



Table A.15: Time slot allocation for 6 ISDN BAs 
using the fast signalling channel in four-wire mode 



ISDN BA Number 


ISDN B^ time slot 


ISDN B2tlme slot 


ISDN D^gtime slots 


1 


TS, 


TS2 


Z2 + Z3 


2 


TS3 


TS4 


Z4 + Z5 


3 


TS5 


TSg 


Z6 + Z7 


4 




TSg 


Zs+Zg 


5 


TSg 


TS10 


Z10 + Z11 


6 


TS1I 


TS12 


Z12 + Zi3 



In fast signalling mode, the time slots and Z-bits frame shall be aligned within the SDSL payload sub-block such that 
the Zj fast signalling bit occupies the first bit position within the payload sub-block on both Pair 1 and Pair 2. The 

remaining Z-bits and time slots shall be interleaved between Pair 1 and Pair 2. The even numbered Z-bits and the odd 
numbered time slots are carried on Pair 1. The odd numbered Z-bits and even numbered time slots are carried on Pair 2. 
See figure A.9 for additional details. 
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Figure A.9: Four-wire framing for ISDN BA witli fast signalling channel 



A.6.7 Signalling over the SDSL eoc or the fast signalling channel 

The ISDN status signalling information can be optionally transmitted over two different channels: 
SDSL eoc; 

Fast signalling channel. 

In both cases SDSL eoc messages with their HDLC-like format are used to transport the ISDN message code. The LT 
as well as NT unit can initiate eoc messages. Generally, the ISDN related eoc messages are transported over the SDSL 
eoc. In some appUcations, it is necessary to set up an additional fast signalling channel with 8 kbit/s bandwidth for these 
ISDN related eoc messages. This is the case when more than four ISDN BAs are used. It may also be used when low 
latency signalling is required or when another TPS-TC signalling (e.g. ATM) has substantially restricted the use of the 
SDSL eoc channel. 
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A.6.7.1 SDSL eoc messages 

The eoc messages number 20 and 148 are used to transmit the ISDN maintenance and control functions as well as the 
other ISDN eoc messages. 



Table A.16: ISDN request - Message ID 20 



Octet # 


Contents 


Data type 


Reference 


1 


Message ID 20 


Message ID 




2 bits 4 - 7 


ISDN BA number 


Unsigned char 




2 bits - 3 






Set to 00002 


3 


ISDN message code 







Table A.17: ISDN response - Message ID 148 



Octet # 


Contents 


Data type 


Reference 


1 


Message ID 148 


Message ID 




2 bits 4 - 7 


ISDN BA number 


Unsigned char 




2 bits - 3 


Unused 




Set to 00002 


3 


ISDN message code 







ISDN BA Number: Each ISDN BA can be addressed independently. To each ISDN BA, a four digit number is 
assigned (BA 1 = 0000, ... BA 6 = 0101). 

A.6.7.2 ISDN message codes 

The message codes, which are contained as an octet in the SDSL eoc message "ISDN Requests", are listed in 

table A.18. The message codes, which are contained as an octet in the SDSL eoc message "ISDN Response", are Usted 

in table A. 19. 



Table A.18: ISDN message codes Requests 



Function 


Message 


eoc message code 


Comment 


S-Bus control 


SIA 


0001 0000 


S-interface activate 
(LT ^ NT) 




SID 


0001 0001 


S-interface deactivate 
(LT^ NT) 




SAI 


0001 0010 


S-interface activated 

(NT ^ LT) 




SDi 


0001 0011 


S-interface deactivated 


ISDN transceiver 
status 


ACT 


0000 0001 


Readiness for layer 2 communication 
(LT ^ NT) 
(NT ^ LT) 




DEA 


0000 0010 


Intention to deactivate 
(LT ^ NT) 




CSO 


0000 001 1 


Gold start only 
(NT ^ LT) 


BA termination reset 


S reset 


0000 0000 


Reset of ISDN control unit at NT 
(LT ^ NT) 




Operate 2B + D loopback 


0011 0001 


(LT ^ NT) 




Operate B1 -channel 
loopback 


0011 0010 


(LT^ NT) 


ISDN eoc Messages 


Operate B2-channel 
loopback 


0011 0011 


(LT^ NT) 




Return to normal 


0011 1111 


(LT^ NT) 




Hold state 


001 1 0000 


(LT^ NT) 
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Table A.19: ISDN message codes responses 



Pi in/^timi 






f^rtinmont 

WUI 1 II 1 Id 1 1 




OIM 


inni nnnn 


O liUcrid,L»c dUllValc 




OIMn 


1101 nnnn 


O llUcridLrC cLuLlvaLIUll IdllcU 


S-Bus control 


SID 


1001 0001 


S-interface deactivation failed 




cinr 
olUr 


1 1 m nnm 
\\\J\ UUUl 


o-inieriace ueaciivaie 




SAI 


1001 1010 


S-interface activated 




SDI 


1001 0011 


S-interface deactivated 


ISDN transceiver status 


ACT 


1000 0001 


Readiness for layer 2 
communication 




DEA 


1000 0010 


Intention to deactivate 




CSO 


1000 0011 


Cold start only 


BA termination reset 


S reset acl< 


1 000 0000 


Reset of ISDN control unit at 
NT 




Operate 2B + D loopbacl< 
(success) 


1011 0001 






Operate 2B + D loopbacl< 
(failure) 


1111 0001 






Operate B1 -channel 
loopback (success) 


101 1 0010 






Operate Bl-ciiannel 
loopbacl< (failure) 


1111 UUl u 






loopback (success) 


lull UU 1 1 






Operate B2-channel 
loopback (failure) 


1111 0011 






Return to normal (success) 


1011 1111 






Return to normal (failure) 


1111 1111 






Hold state 


1011 0000 






Unable to comply 
acknowledgement 


1111 0100 





A.6.8 S-Bus control 

The ISDN S-buses, which connect the ISDN terminals with the NT, can be controlled independently with the respective 
message codes (SIA, SID, SAI, and SDI) for each S-bus. The LT side can activate and deactivate the S-bus and get 
status information. These messages are transmitted as SDSL eoc messages. 

The S-interfaces of each ISDN BA can be addressed independently. To each ISDN BA, a four digit number is 
(BA 1 = 0000, ... BA 6 = 0101) contained in the ISDN related SDSL eoc messages. 

SIA: In LT to NT direction, this function is used to request the NT to activate the interface at the S reference point. If 
the interface at the S reference point is to be activated, this message may be sent. 

In NT or LT direction, the respective responses are SIA (S-Interface Activated) or SIAF (S-Interface Activation Failed). 

SID: In LT to NT direction, this function is used to request the NT to deactivate the interface at the S reference point. If 
the interface at the S reference point is to be deactivated, this message may be sent. 

In NT or LT direction, the respective responses are SID (S-Interface Deactivated) or SIDF (S-Interface Deactivation 
Failed). 

SAI: In NT to LT direction, this message is used to inform the LT, that the S-interface and S-bus have been activated. 
SDI: In NT to LT direction, this message is used to inform the LT, that the S-interface and S-bus have been deactivated. 
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Table A.20: Flowchart: S-interface 



LT: activate S-interface command 


eoc S act (SIA) 


NT: activate and send result 




<- eoc S act acl<n (SIA/SIAF) 










LT: deactivate S-lnterface 
command 


eoc S deact (SID)^ 


NT: deactivate and send result 




<- eoc S deact ackn (SID/SIDF) 










LT; acknowledge 


^eocSActlnd (SAI) 


NT: indicate activation 




eoc S Actind ackn (SAI) ^ 










LT: acknowledge 


<- eoc S Deactind (SDI) 


NT: indicate deactivation 




(SDI) 





A.6.9 BA termination reset 

The status and condition of each ISDN BA and its S-interface at the NT side can be individually monitored from the LT 
side. If a failure or blocking at one ISDN BA is detected this situation can be resolved by a reset. "BA termination 
reset" puts the control unit of the S-interface into its default state (the deactivated state). Other BAs or other services are 
not affected. 



Table A.21 : Reset request 



Message 


eoc message code 


Comment 


S reset 


0000 0000 




Table A.22: Reset response 


Message 


eoc message code 


Comment 


S reset acknowledge 


1000 0000 





A.6.10 Transport of ISDN eoc messages over SDSL eoc 

Table A. 23 shows the six necessary eoc code functions for ISDN operation over SDSL out of the eight eoc possible 
code functions defined in the ISDN standard. (The two messages concerning the corrupted CRC are not required.) 

Table A.23: ISDN eoc message codes 



Origin (o) and destination (d) and transfer (t) 


Message 


Message code 


Networi( 


NT1 


REG 


Operate 2B + D loopback 


0011 0001 





d 


t/d 


Operate 81 -channel 
loopback (see note) 


0011 0010 





d 


t/d 


Operate B2-channel 
loopback 


0011 0011 





d 


t/d 


Return to normal 


0011 1111 





d 


t/d 


Hold state 


001 1 0000 


d/o 


o/d 


o/d/t 


NOTE: The use of 81 and 82 channel loopbacks is optional. However, the loopback codes are reserved for 
these functions. 
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A.7 TPS-TC for POTS 



In this TPS-TC mode, the mapping of digitized 64 kbit/s POTS channels onto SDSL frame payload channels is 
specified for one or multiple POTS access. 

NOTE: It is not expected that the transport mode described in this annex will be used simultaneously with the 
LAPV5 enveloped POTS and ISDN transport described in clause A.IO. Therefore the EOC message 
described in clause A. 10.6 can be used to signal to the other end the number of ISDN, POTS and 
signalling channels used. 



A.7.1 Mapping of 64 kbit/s POTS channels onto the SDSL frame 

Figure A.IO illustrates POTS transport within the SDSL frames. 
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Figure A.10: Mapping example of 64 Icbit/s voice cliannels 

The 64 kbit/s PCM voice channels, one for each POTS access, are transported within the SDSL payload sub-blocks. 
The SDSL payload data is structured within the SDSL frames as follows: 

each payload sub-block contains k^ = j + n x S bits {i = 0..7 and n = 3. .36); 

each sub-block is ordered in the following way: i 1-bit timeslots followed by n 8-bit timeslots; 

1-bit timeslots are referred to as Z-bits (note that figure A. 1 as an example shows only one 1-bit timeslot, 
denoted as Zj), and 8-bit timeslots are referred to as Bj ... B^^. 

The payload sub-blocks are composed of combinations of n x 8bit B timeslots and i x Ibit Z-timeslots: 

n corresponds to the number of 64 kbit/s payload channels; 

i corresponds to the number of 8 kbit/s channels. 
As a mapping example, figure A.IO shows the transport of four POTS channels. 
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A.7.2 POTS access for lifeline service 

Lifeline service, in case of local power failure, can be provided by one POTS access. The lifeline POTS access is 
always the one that is transported over the first available 64 kbit/s time slot of each payload sub-block (e.g. Bj). Remote 
power feeding is provided by the central office such that the transceiver can operate in a reduced power mode. 

A.7.3 Signalling 

Signalling as well as the other POTS related messages are conveyed over a dedicated signalling channel for which two 

options exist. 

NOTE 1: SignalUng format and protocol is outside the scope of the present document and shall be specified by 
ETSITC SPAN 13. 

NOTE 2: An initial proposal for signalling format and protocol is given in clause A. 10. The proposal is for further 
study. 

A.7.3. 1 Signalling channel over Z-bit 

The signalling channel is established over one or multiple Z-bits of the payload sub-block , as shown in figure A. 10. 
One channel provides 8 kbit/s, may be used for multiple POTS-accesses and caters for an effective use of transport 
capacity. On the other hand, multiple Z-bits (1 to 7) may be necessary for the signalling channel, depending on the 
number of POTS-accesses and the amount of signalling information expected. 

A.7.3.2 Signalling channel over a B-channel 

A common signalling channel is estabhshed over a 64 kbit/s communication channel, mapped to the first time slot of 
each sub-block. 



A.8 ATM transport over SDSL 
A.8.1 Reference model for ATM transport 

The proposed ATM TC layer for SDSL is based on ITU-T Recommendation L432.1 [20]. It provides the following 
functions: 

rate de-coupUng between ATM layer and SDSL PMS-TC layer; 
insertion/extraction of Idle cells; 

insertion/extraction of the Header Error Control (HEC) byte; 

cell payload scrambling/de-scrambUng; 

cell delineation in the receive channel; 

bit timing and ordering. 

NOTE 1 : RxRef is present at the LTU-side. 

NOTE 2: RxRef is present at the NTU-side. 

Figure A. 11 shows the logical interfaces between the ATM Layer, the ATM-TC function and the SDSL PMS-TC 
function. In this example, an ATM UTOPIA Level 2 interface connects the ATM-TC to the ATM Layer. This interface 
may also be realized logically, and its specification is beyond the scope of the present document. 

The SDSL PMS-TC provides a clear channel to the ATM-TC and cells are mapped into the SDSL payload on a byte by 
byte basis. Bytes are transmitted msb first, in accordance with ITU-T Recommendation 1.432.1 [20]. Cell alignment to 
the SDSL frame is not required. 



ETSI 



115 



ETSI TS 101 524 VI .2.1 (2003-03) 



Logical data and clock lines are also present between the PMS-TC and ATM-TC blocks, as well as OAM information 
flow. 



Some ATM applications require an 8 kHz Network Timing Reference (NTR). In these applications, the SDSL PMS-TC 
shall deactivate the stuffing function and the SDSL frame shall be synchronized to the clock reference at the LTU 
(Broadband line termination) (clock synchronization mode 3a in the SDSL reference clock architecture). At the NTU 
(Broadband network termination), the NTR may then be extracted from the SDSL Frame Synchronization Word (FSW). 
The TxRef (LTU-side) and RxRef (NTU-side) lines provide NTR directly between SDSL PMS-TC and the ATM layer. 

When available, the network reference clock shall be either a fundamental 8 kHz network clock or a related reference 
clock at some multiple of 8 kHz. Such reference clocks are typically 1,544 MHz or 2,048 MHz, although in some 
apphcations other frequencies, such as 64 kHz, may be available. These related clocks include imphcit 8 kHz timing 
signals. Selection of specific network clock reference shall be apphcation dependent. 

The SDSL frame is always 6 ms long, independent of the line rate. This frame-length could easily be used to generate 
an 8 kHz NTR signal, because the 6 ms SDSL frame for synchronous data transport and the 8 kHz network clock have a 
fixed relationship. Each SDSL frame contains 48 x (1 + i + n x 8) bits (i = ..7 and n = 3 .. 36). The relationship can 
therefore be calculated with: T = 6 ms/48 = 125 |as and f = 1 / T = 8 kHz. 

In the optional four-wire mode, the rates specified shall apply per pair. 
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NOTE 1 : RxRef is present at the LTU-side. 
NOTE 2: TxRef is present at the NTU-side. 



Figure A.11: Reference model for ATM mode 



A.8.2 Flow control 

The ATM-TC shall provide flow control, allowing the LTU and NTU to control the cell flow from the ATM layer. This 
functionality is important to avoid cell overflow and underflow at the ATM-TC layer. 

This functionality is implemented on the UTOPIA interface through the Tx_Cell_available (Tx_Clav) handshake and 
Rx_Cell_available (Rx_Clav) handshake. A cell may be transferred from the ATM layer to the ATM-TC layer only 
after the completion of a Tx_Clav handshake. Similarly, a cell may be transferred from the ATM-TC to the ATM layer 
only after completion of an Rx_Clav_handshake. 
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Idle cells shall be inserted in the transmit direction for cell rate de-coupling and extracted in the receive direction. Idle 
cells are identified by the standardized pattern for the cell header given in ITU-T Reconomendation 1.432. 1 [20]. 

NOTE: This recommendation is written on the assumption that idle cells will be discarded by the far end receiver. 

A.8.3.2 Header Error Control (HEC) generation 

The HEC byte shall be generated in the transmit direction as described in ITU-T Recommendation 1.432. 1 [20], 
including the reconunended modulo 2 addition (XOR) of the pattern 0101010l2to the HEC bits. 

The generator polynomial coefficient set used and the HEC sequence generation procedure shall be in accordance with 
ITU-T Recommendation 1.432.1 [20]. 

A.8.3.3 HEC verification 

The HEC covers the entire cell header. The code used for this function is capable of either: 
single bit error correction; or 
multiple bit error detection. 

Error detection shall be implemented as defined in ITU-T Recommendation 1.432. 1 [20] with the exception that any 
HEC error shall be considered as a multiple bit error, and therefore, HEC error correction shall not be performed. 

A.8.3.4 Cell payload scrambling/de-scrambling 

Scrambling of the cell payload field shall be used in the transmit direction to improve the security and robustness of the 
HEC cell delineation mechanism. In addition, it randomizes the data in the information field for possible improvement 
of the transmission performance. The self-synchronizing scrambler polynomial x^^ + 1 and procedures defined in 
ITU-T Recommendation 1.432.1 [20] shall be implemented. 

NOTE: This recommendation is written on the assumption that the cell payload will be de-scrambled by the far 
end receiver. 



A.8.3.5 Cell delineation 

The cell deUneation function permits the identification of cell boundaries in the payload. It uses the HEC field in the 
cell header. 

Cell delineation shall be performed using a coding law checking the HEC field in the cell header according to the 
algorithm described in ITU-T Recommendation 1.432.1 [20]. The ATM cell delineation state machine is shown in 
figure A.12. The details of the state diagram are described below: 

1) In the HUNT state, the delineation process is performed by checking byte by byte for the correct HEC. Once 
such an agreement is found, it is assumed that one header has been found, and the method enters the 
PRESYNC state. 

2) In the PRESYNC state, the delineation process is performed by checking cell by cell for the correct HEC. The 
process repeats until the correct HEC has been confirmed DELTA (see note) times consecutively. If an 
incorrect HEC is found, the process returns to the HUNT state. 

3) In the SYNC state the cell deUneation will be assumed to be lost if an incorrect HEC is obtained ALPHA times 
consecutively. 
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4) Cells with correct HEC, that are processed while in the SYNC state, shall be passed to the ATM layer. Cells 
with correct HEC that are checked while in the PRESYNC state may optionally be passed to the ATM layer, 
but only when they are part of the DELTA consecutive correct HECs necessary for transition to the SYNC 
state. The cell associated with the first correct HEC (in the HUNT state) may also optionally be passed to the 
ATM layer in conjunction with the DELTA cells just mentioned. In any case, idle cells are not passed to the 
ATM layer. 

Byte-by-Byte Cell-by-Cell 




Cell-by-Cell 



Figure A.12: ATM cell delineation state machine 

NOTE: It should be noted that the use of the values suggested in ITU-T Recommendation 1.432.1 [20] 

(ALPHA = 7, DELTA = 6) may be inappropriate due to the particular transmission characteristics of 
SDSL. 

A.8.3.6 Bit timing, ordering and data rates 
A.8.3.6.1 Two-wire mode 

When interfacing ATM data bytes to the SDSL payload, the most significant bit (msb) shall be sent first. The SDSL 
payload data rate, when transporting ATM cells shall be n x 64 + i x 8 kbit/s, where n is an integer value between 3 and 
36 (3 < n < 36) according to the SDSL frame structure (see clause 7.1) and i = 0. This is shown in figure A.13. 
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Figure A.13: ATM transport over SDSL 



A.8.3.6.2 Four-wire mode 

In the optional four-wire mode, ATM data is carried over both pairs using interleaving, as described in clause 7.1.4.2. A 

total of 2k^ bits (2n bytes) of byte-oriented data shall be transported per SDSL payload sub-block. k^ = i + nx8, and, in 

this mode, i = and 3 < n < 36. Only even numbers of time slots are supported in 4-wire mode. The input ATM stream 
shall be ahgned within the SDSL payload sub-block such that the byte boundaries are preserved. Each payload 
sub-block is treated as containing 2n 8-bit time slots. Each byte from the input ATM data stream is mapped MSB-first 
into the next available time slot. The first time slot begins at the first bit position within the payload sub-block, followed 
by time slot 2, time slot 3, . . ., time slot n. 2k^ bits (or 2n bytes) of contiguous data shall be contained within each 
sub-block, as specified in clause 7.1.4.1. k^ = i + nx8, and, in this mode, i = and 3 < n < 36. The bytes from the input 
ATM data stream shall be interleaved between Pair 1 and Pair 2, such, where byte bm is carried on Pair 1, byte b^^^ jis 
carried in the corresponding time slot on Pair 2. See figure A. 14 for additional details. 
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Figure A.14: 4-Wire framing for ATIUI 



A.8.3.7 IMA sub-layer functionality (informative) 

The ATM TPS-TC, as defined in clause A. 8, is intended to be compatible with Inverse Multiplexing for ATM (IMA) 
Specification, as defined in AF-PHY-0086.001 [26]. IMA is a protocol that provides for inverse multiplexing of an 
ATM cell stream over multiple physical layer transmission links. It operates by multiplexing the ATM cell stream 
between the links on a cell-by-cell basis and then inserting special IMA Control Protocol (ICP) cells into each of the 
individual ATM cell streams. Since the IMA cell stream for each link is structurally identical to a stream of normal 
ATM cells, IMA cell streams may be carried without modification using the SDSL ATM TPS-TC. 

Note that the IMA Specification assumes that the ATM TPS-TC will be compatible with the IMA exceptions to the 

Interface Specific Transmission Convergence Sublayer, as defined in the IMA Specification, [26], clause 5.2.1 
(specifically, items R-3 and R-4). The IMA Specification ([26], clause 9.1) indicates that the differential delay from the 
IMA transmitter to the loop interface (U-R or U-C) is to be no greater than 2,5 cells. It is recommended that the 
maximum differential signal transfer delay between non-repeatered SDSL wire pairs be no more than 50 |is. 

With regard to repeaters, note that annex C allows up to 8 repeaters in an access link; however, it does not define the 
delay though the repeater. Also note that the number of repeaters deployed in a loop is dependent on network specific 
conditions. Implementers are encouraged to take into account the various sources of differential delay, including 
differential latencies introduced by repeaters (if present), in the design of IMA systems. 
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A.8.4 Operations and maintenance 

The ATM-TC requires Operation And Maintenance (0AM) functionality. The messaging protocol and format should be 
handled in accordance with clause 10. The QAM functions notify the QAM entity at the opposite end of the line upon 
the status of the cell dehneation process (e.g. Header Error Check (HEC) anomalies and Loss of Cell Delineation 
defects (LCD)). Performance parameters are derived from anomaUes and defects. 

A.8.4. 1 ATIVI data path related near-end anomalies 

Near-end No Cell Delineation (nncd) anomaly: An nncd anomaly occurs immediately after ATM-TC start-up, 
when ATM data is received and the cell delineation process is in HUNT or PRESYNC state. Once cell 
delineation is acquired, subsequent losses of cell delineation shall be considered nocd anomalies. 

Near-end Out of Cell Delineation (nocd) anomaly: A nocd anomaly occurs when the cell delineation process 
in operation transitions from the SYNC state to HUNT state. A nocd anomaly terminates when the cell 
delineation process transition from PRESYNC to SYNC state or when nlcd defect maintenance status is 
entered. 

Near-end Header Error Control (nhec) anomaly: An nhec anomaly occurs when an ATM cell header error 
control fails. 

A.8.4.2 ATIVI data path related near-end defects 

Near-end Loss of Cell Delineation (nlcd) defect: An nlcd defect occurs when at least one nocd is present in 
9 consecutive SDSL frames and no losw defect (loss of synchronization word) is detected. 

A.8.4. 3 ATIVI data path related far-end anomalies 

Far-end No Cell Delineation (fried) anomaly: An fncd anomaly is an nncd anomaly that is reported from the 
far end by the NCD indicator in the EOC ATM Cell Status Information message. An fticd anomaly occurs 
inomediately after start-up and terminates if the received NCD indicator is coded 0. 

NOTE: Since the far-end reports the NCD indicator only on request, the fncd anomaly may be inaccurate for 
derivation of the far-end NCD failure. Therefore, the NCD failure is autonomously reported from the 
far-end. 

Far-end Out of Cell Delineation (focd) anomaly: A focd anomaly is a nocd anomaly that is reported from the 
far end by the OCD indicator in the EOC ATM Cell Status Information message. The OCD indicator shall be 
coded to indicate no nocd anomaly has occurred since last reporting and shall be coded 1 to indicate that at 
least one nocd anomaly has occurred since last reporting. A focd anomaly occurs if no fncd anomaly is present 
and a received OCD indicator is coded 1. A focd anomaly terminates if a received OCD indicator is coded 0. 

Far-end Header Error Control (fhec) anomaly: An fhec anomaly is an nhec anomaly that is reported from the 
far end by the HEC indicator in the EOC ATM Cell Status Information message. The HEC indicator shall be 
coded to indicate no nhec anomaly has occurred since last reporting and shall be coded 1 to indicate that at 
least one nhec anomaly has occurred since last reporting. An fhec anomaly occurs if a received HEC indicator 
is coded 1. An fhec anomaly terminates if a received HEC indicator is coded 0. 

A.8.4. 4 ATIVI data path related far-end defects 

Far-end Loss of Cell Delineation: (fled) defect: An fled defect is an nlcd that is reported from the far end of 
the line by the LCD indicator in the EOC ATM Cell Status Information message. The LCD indicator shall be 
coded to indicate no nlcd defect has occurred since last reporting and shall be coded 1 to indicate that at least 
one nlcd defect has occurred since last reporting. An fled defect occurs when the LCD indicator is coded 1. An 
fled defect terminates when the LCD indicator is coded 0. 

NOTE: Since the far-end reports the LCD indicator only on request, the fled defect may be inaccurate for 

derivation of the far-end LCD failure. Therefore, the LCD failure is autonomously reported from the 
far-end. 
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A.8.4.5 ATM cell level protocol performance information collection 

HEC violation count (hvc): An hvc performance parameter is the count of the number of nhec anomahes since 
the last reporting. 

HEC total count (htc): A htc performance parameter is the count of the total number of cells passed through 
the cell dehneation process, while operating in the SYNC state, since the last reporting. 

These values shall be counted, such that the Management system is able to retrieve current counts on a 15-minutes and 
24-hours basis. 

A.8.4.6 Failures and performance parameters 

A near-end NCD failure and near-end LCD failure relates to a persistent nncd anomaly and persistent nlcd defect 
respectively. They are defined in ITU-T Recommendation G.997.1 [8], clause 7.2.2 and reported in the ATM Cell 
Status Information message. 

A.8.4.7 EOC ATM Cell Status Request Message Format - Message ID 17 

The ATM Cell Status Request/Confirmation message is used for two purposes. This message is used as ATM Cell 
Status Request message to get the NTU ATM Status. For this purpose, the whole information of EOC ATM Cell Status 
Information message - Message ID 145 shall be sent in response to this message. If an unexpected receipt of ATM Cell 
Status message. Message ID 145 is received including NCD or LCD failure indication, this message may be used to 
confirm the reception and stop future autonomous transmission of the ATM Cell Status message. Message ID 145 due 
to the current failure condition. 



Table A.24: ATM Cell Status Request Information Field 



Octet # 


Information Field 


Data Type 


1 


Message ID - 17 


Message ID 



A.8.4.8 EOC ATM Cell Status Information Message Format - Message ID 
145 

The ATM Cell Status Information message shall be sent in response to the ATM Cell Status Request message and shall 
be sent autonomously upon the occurrence of an nlcd Failure or an nncd Failure. Table A.25 shows the OAM message 
bit encoding for an ATM Cell Status Information message. The HEC Indicator is imphcifly defined as set to 1 if the 

HEC violation count has changed since last reporting and set to otherwise. If sent autonomously, message ID 145 
shall be sent once every second until a message ID 17 is received from the LTU or the failure is cleared. 

The NCD, OCD, and LCD Indicator bits shall indicate the state of nncd anomaly, nocd anomaly, and nlcd defect, 
respectively. NCD Failure and LCD Failure bits shall serve as indications of nncd failure and nlcd failure, respectively. 



Table A.25: ATM Cell Status Information message 



Octet # 


Contents 


Data Type 


Reference 


1 


Message ID # 145 


Message ID 




2, bit 7 


NCD Indicator (see note) 


Bit 


= OK, 1 = alarm 


2, bit 6 


OCD Indicator (see note) 


Bit 


= OK, 1 = alarm 


2, bit 5 


LCD Indicator (see note) 


Bit 


= OK, 1 = alarm 


2, bit 4-2 


Reserved 






2, bit 1 


NCD Failure 


Bit 


= OK, 1 = alarm 


2, bit 


LCD Failure 


Bit 


= OK, 1 = alarm 


3 


HEC violation count (hvc) 


MS Byte 


16-bit counter 


4 


HEC violation count (hvc) 


LS Byte 


16-bit counter 


NOTE: Only one of the NCD, OCD and LCD Indicators can be set to 1 at any time. 
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A.9 Dual bearer TPS-TC mode for SDSL 

The TPS-TC modes in clauses A.l to A.8 are described as operating in single-bearer mode; i.e. the payload is treated as 
a single data stream, and the TPS-TC uses aU of the bits in each payload sub-block. In some applications, however, it is 
desirable to split the payload into separate data streams supporting multiple user interfaces or different data types, 
dual-bearer mode provides support for these cases. 

Support for Dual-Bearer Mode is optional, as is support for each of the Dual-Bearer TPS-TC combinations specified in 
table A.26. 



A.9.1 Dual bearer mode framing 



In dual-bearer mode, each payload sub-block is spht between two separate TPS-TC instances. The TPS-TC modes are 
negotiated independently in the PACC (see clause 9.2), and there is no direct interaction between them. TPS-TC^ is 

assigned the first k^^ bits of each payload sub-block, and TPS-TC], is assigned the last fe^^ bits of each payload sub-bock 

(see figure A. 15). For each of the two TPS-TCs, the bits assigned to it are treated as if they constituted a complete 
payload sub-block, and appropriate framing is apphed, as described in the clause associated with the selected TPS-TC. 
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Figure A.15: Dual-bearer mode TPS-TS framing 



In the optional four -wire mode, the same procedure is followed for dual-bearer mode. The first k^^ bits on each pair are 
assigned to TPS-TC^, and the last fe^^ bits on each pair are assigned to TPS-TCj,. The appropriate four -wire TPS-TC 
framing is then applied, as described in clauses A.l through A.8. 
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A.9.2 Bearer channel allocation 

In the Dual Bearer mode, the available payload bandwidth of n B-channels and i Z-channels is configurable as follows: 
TPS-TCj, bandwidth: n^ B-channels + i Z-channels; 
TPS-TCb bandwidth: n^ B-chaimels; 

+ lib = n; 
< n^ < n and < n^, < n. 

Figure A. 16 shows an example of a dual -bearer mode in which synchronous ISDN BA is TPS-TC^ and ATM is 
TPS-TC(j. The block of B-channels used for ATM transport shall be contiguous. 
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Figure A.16: Example of dual-bearer mode TPS-TS framing 



A.9.3 Dual bearer clock synchronization 

In dual-bearer mode, it is assumed that timing for the two bearer channels is derived from a common source and that the 
two data streams thus have a definite clocking relationship. As such, no mechanism is provided within the payload 
sub-blocks to maintain synchronization between the bearer channels, regardless of the clock mode that is selected. 

Note that some TPS-TCs have limitations on the clock modes that are supported. Specifically, ATM using NTR and 
synchronous ISDN BA are only defined for clock mode 3a. When either of these TPS-TCs is used as part of a 
Dual-Bearer Mode, the system shall operate in clock mode 3a. 



A.9.4 Dual bearer mode types 

The following two types of dual bearer modes are supported within SDSL: 
Type 1 - STM + Broadband; 
Type 2 - STM -i- ATM; 
Type 3 - STM + Clear Channel. 
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For each type of dual bearer mode, separate specification bits are provided within ITU-T Recommendation G.hs for the 
selection of the two TPS-TCs to be used. Table A.26 lists the combinations that are supported. 



Table A.26: Supported TPS-TCs in Dual Bearer Mode 



Type 


Description 


TPS-TCg 


TPS-TCi, 


1 


STM + 
Broadband 


Synchronous ISDN BA (see clause A.6) 
POTS (clause A.7) 
LAPV5 enveloped POTS and ISDN 
(clause A.10) 

Other supported types are for further study 


Clear channel (clause A.1) 
Clear channel Byte-Oriented 
(see clause A.2) 

Unaligned D2048U (see clause A.3) 
Unaligned D2048S (see clause A.4) 
Aligned D2048S/Fractional D2048S 
(see clause A.5) 
ATM (see clause A.8) 


2 


STM + ATM 


Unaligned D2048U (see clause A.3) 
Unaligned D2048S (see clause A.4) 
Aligned D2048S/Fractional D2048S 
(clause A.5) 

Other supported types are for further study 


ATM (see clause A.8) 

Other supported types are for further study 


3 


STM + Clear 
Channel 


Unaligned D2048U (see clause A.3) 
Unaligned D2048S (see clause A.4) 
Aligned D2048S/Fractional D2048S 
(see clause A.5) 


Clear channel (see clause A.1) 
Clear channel Byte-Oriented 
(see clause A.2) 


NOTE: TPS-TCg has to be used for services, which require 8 kbit/s granularity. 



A.1 TPS-TC for LAPV5 enveloped POTS or ISDN 

The mapping and time slot allocation of STM based, LAPV5 controlled, PSTN and ISDN-BRA transport is specified, 
which is for ISDN an alternative procedure to the simple use of D-channel messages as described in clause A.6. It is not 
expected that the transport mode described in this annex will be used simultaneously with the ISDN transport described 
in clause A.6 or the POTS transport described in clause A.7. 

This annex supports the transport of POTS and ISDN over a combination of the SDSL eoc, Z-channels, and B-channels. 
Control and signalling information is transported over either the eoc, Z, or first B-channels using frame based V5 
wrappings. The POTS voice and ISDN B channels are transported over STM based pre-assigned SDSL B-channels. 

A.1 0.1 Signalling channel 

Signalling as well as the other POTS or ISDN related messages are transported over a cormnon signalling channel. 
Depending on the required amount of signalling and port control information, either a portion of the SDSL eoc or a 
portion of the payload sub-block may be used for this signalling transport. If the SDSL eoc is used for the signalling 
transport, then the V5 signalling messages are wrapped using SDSL eoc message-IDs. If the SDSL eoc is not used for 
this transport, then within the SDSL frame, the signalling bits are either mapped into 1 to 7 Z-channel(s), or are mapped 
into the first B-channels time slot of each sub-block. 

In order to transport signalling information, the LTU and NTU must agree on the particular signalling channel to be 
used. The signalling channel is identified using parameter (Nsig) with a range of to 8 plus the value 16. The value 
indicates that the signalling is on the SDSL eoc. The values 1 through 7 indicates that there are 1 through 7 Z-channel 
bits present and that the signalling is to be transported there. A value of 8/16 indicates that the signalling is transported 
in the first one/two B-channel time slots of each sub-block (Other values of Nsig like 24, and 32 are for future study.) 

A.1 0.2 Mapping of 64 kbit/s payload channels 

One or multiple 64 kbit/s POTS voice channels and/or one or multiple ISDN B-channel pairs are mapped onto 
B-charmels in the SDSL sub-frame. The POTS charmels are mapped sequentially into the first B-channels of each 
subframe after any signalling B-channels. The ISDN B-channel pairs are mapped into the first B-channels of each 
sub-frame after any signalling or POTS B-channels. These mappings are similar to those in clauses A.6 and A.7. 
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In order to transport payload information, both the NTU and LTU have to agree as to how many POTS and ISDN BRA 
circuits to allocate B-channels for. The amount shall be the same for both directions. The number of POTS circuits shall 
be specified as an integer (Npots) with a range of to 35. The number of ISDN circuits shall be specified as an integer 
(Nisdn) with a range of to 17. (Other values are for future study.) 

The total number of B-channels consumed for the control and payload transport is 

(1 or 2 if Nsig = 8 or 16 else 0) + Npots + (2 x Nisdn). The remaining B-channels are available for the underlying 
appUcation. 

A.10.3 Signalling and port control 

In the case where the common signalling channel is carried over the SDSL eoc, (that is Nsig = 0), the common TPS-TC 
is addressed by a common eoc Message-ID, designated as "LAPV5 enveloped POTS and ISDN". The Message-ID 
identifies the POTS and ISDN related messages in this TPS-TCMessage ID 20 and 148 described in clause A.6.7.1 will 
be used. Octet 2 is not used and the ISDN message code is replaced by the LAPV5 message (which can be longer than a 
single octet). The message content is enveloped by LAPV5-EF. Envelope fimctions and message contents are specified 
in EN 300 324-1 [23] and EG 201 900-1 [24]. 

In EN 300 324- 1 [23] clause 9. 1 .5 maximum frame sizes are 533 octets. In the SDSL eoc, the limit is 75 octets. 
AppUcations which require control and signalUng frames larger than 76 octets should choose Nsig > 0. 

In the case where the common signalling channel is carried over the Z or B channel, (that is Nsig > 0), the message 
format is as specified in EN 300 324-1 [23], clause 9. This mode shall use all of clause 9 including clauses for the flag 
sequence, interframe fill time, transparency, frame check sequence, format conversion, and invalid frames which are not 
used in the eoc mode above 

A.10.4 Protocol architecture for LAPV5 enveloped POTS and ISDN 

Table A.27 shows the layered structure for LAPV5 enveloped POTS and ISDN services. Note that the left lower 
column is for eoc signalUng transport and the right lower column is for Z or B-channel signalUng transport. 



Table A.27: Protocol architecture 



POTS signalling POTS/ISDN port control 
EN 300 324-1 [23], clause 13 EN 300 324-1 [23], clause 14 


ISDN signalling 


LAPV5-DL 
EN 300 324-1 [23], clause 10 


LAPD 




LAPV5-EF address 
EN 300 324-1 [23], clause 9.1.4 


LAPV5-EF 
EN 300 324-1 [23], clause 9 


TPS-TC 

Message-ID: LAPV5 enveloped POTS and ISDN 


SignalUng Z or B channels 


PMS-TC 



NOTE 1 : The ISDN signalling (LAPD and layer 3) is part of the ISDN-TE functionality and outside the scope of 
the standard. 

The LAPV5-EF envelope address (EN 300 324-1 [23], clause 9) envelopes the frames for signaUing of an individual 
ISDN access, or for POTS signalling or for POTS/ISDN port control. 

For the reUable transport of POTS signalling and POTS/ISDN port control messages the data link protocol LAPV5-DL 
is used which is a simplified version of LAPD. The LAPV5-DL protocol is specified as in EN 300 324-1 [23], clause 
10. 

As in EG 201 900-1 (Loop Emulation Service using AAL2), the following differences in respect to 
EN 300 324-1 [23] exist: 

Only one common instance of LAPV5-DL is used for both the POTS signaUing and the POTS/ISDN port control. 
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The LAPV5-DL address takes the value of all zeros. 

POTS signalling messages and POTS/ISDN port control messages are distinguished by means of the message type 
information element. 

A common error handling procedure for "unrecognized message type" errors is used for both the PSTN and control 
protocol: Whenever an unrecognized message is received, the protocol entity shall generate an internal error indication 
and ignore the message. 

ISDN signalling is conveyed via frame relay as described in EN 300 324-1 [23], clause 11. This means that the 
customer's D-channel data link layer protocol is not fuUy terminated. 

NOTE 2: The existing TPS-TC for ISDN as described in clause A. 6 remains unchanged. It provides a lean 
alternative for networks where no POTS, but only ISDN is provided. 

A. 10.5 System procedures 
A. 10.5.1 System startup 

With regards to the remainder of this clause, actions required for any items that are not provisioned shall be ignored. 

NOTE: The procedures are derived from clauses 5 .4.4. 1 and 5 .4.4.2 of AAF- VMOA-0 145 .000. The ATM Forum. 
Voice and Multimedia over ATM - Loop Emulation service Using AAL2. July 2000. 

A. 10.5. 1.1 Preconditions 

The initial states of the various Finite State Machines (FSM) involved in the start-up are as follows: 



Table A.28: Initial states of finite state machines 



FSM 


Initial state 


Port control Protocol FSM 


Out of service (ANO/LEO) 


PSTN port status FSM 


Blocked (AN1.0/LE1.0) 


ISDN BA port status FSM 


Blocked (AN1.0/LE1 .0) 


PSTN protocol FSM 


Port blocked {AN6/LE6) 



NOTE: These FSMs are defined in the V5 specifications EN 300 324-1 [23]. The "LE" states relate to the LTU 
side and the "AN" states relate to the NTU side of the cormection. 

A. 1 0.5. 1 .2 Normal procedure 

a) Activation of LAPV5-DL: MDL-Estabhsh-Request shall be sent to the LAPV5-DL. 

b) When MDL-ESTABLISH-CONFIRM or MDL-ESTABLISH-INDICATION is received from the LAPV5-DL, 
START-TRAFFIC shall be sent to the port control protocol FSMs. 

c) Entering the normal state. 

d) Post-processing: The LTU side shall initiate the co-ordinated unblock procedure for all relevant user ports. The 
NTU side shall not initiate unblocking at this time. 

A.I 0.5.1 .3 Exceptional procedures in case of failure in system startup 

When the system startup cannot be continued for some reason (e.g. LAPV5-DL failure) and is unable to enter the 
normal state, system restart shall be performed. 
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A. 10.5.2 System restart 

System restart refers to the re-starting of a single LAPV5-DL protocol instance between a LTU side and a NTU side. 
Under system restart the following actions apply: 

1) The interface shall be brought into a state in which no established LAPV5-DL exists. 
NOTE 1: The remote side takes this as a trigger for system restart. 

2) Timer TLX shall be started. 

3) On expiry of TLl system startup shall be performed. 

Timer TLl shall have a predefined value of 20 s. 

NOTE 2: Timer TLl triggers system startup. It is needed to guarantee that the release of the LAPV5-DL is 

recognized at the remote side and hence both the NTU side and LTU side undergo system startup. This 
timer is started when the system has been stopped for any reason during the system startup or normal 
operation. It shall also be run prior to invoking the system startup when performing a cold start. 

Situations where system restart shall be apphed: 

a) Reception of Release-Indication of LAPV5_DL. 

b) Under request by the Management System. 

A.10.6 Nsig, Npots, and Nisdn 

In order to support interoperabihty, the SDSL NTU and LTU need to agree on the values of the parameters Nsig, Npots, 
and Nisdn. This agreement may be by prior agreement outside the scope of this annex. 

Alternatively, the LTU may configure the NTU via the SDSL eoc. To support this, there is a message ID for "LAPV5 
POTS and ISDN setup". The purpose is to specify the values for Nsig, Npots, and Nisdn. The value of the message ID 
is Id-21 for the Request from LTU to NTU and Id-149 for Response from NTU to LTU. 

The request message allows the LTU to configure the NTU with the values of Nsig, Npots, and Nisdn. The response 
message is an acknowledge from the NTU to LTU. If octets 2,3, and 4 of the response match those in the request, then 
the response indicates that the NTU accepts the values sent by the LTU. If the NTU does not accept the values proposed 
by the LTU, it may respond with the octets 2, 3, and/or 4 modified to contain an acceptable value and also the msb of 
each octet in question set. The NTU should respond to a request within 500 ms. In the event that the NTU does not 
respond, the LTU will try at least three times before concluding that the option cannot be supported. 



Table A.29: LAPV5 POTS and ISDN setup Request/response- Message ID 21/149 



Octet # 


Contents 


Data type 


Note 


1 


Message ID 21/149 


IVlessage ID 




2 


Nsig 


Unsigned char 




3 




Unsigned char 




4 


Nisdn 


Unsigned char 





A.1 1 Dynamic Rate Repartitioning (DRR) 

Dynamic Rate Repartitioning (DRR) is the procedure for temporarily allocating time slots between the STM bearer and 
the broadband bearer. The DRR protocol is a master/slave protocol based on messaging, at a rate of one message per 
frame. Either the LTU or the NTU may be the DRR master; this is configured at start-up. The DRR protocol will be 
triggered and controlled by a higher layer management entity, denoted in this clause as a supervisory entity. 
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Figure A.17: Dual bearer mode framing with DRR 



Figure A.17 shows an example of a dual-bearer mode with a dedicated DRR control channel, for transport of the DRR 

protocol messages. These messages control the activation and de-activation of time slots in the STM Bearer, and the 
corresponding de-allocation/allocation to the broadband bearer. The Dedicated Signalling Channel (DSC) carries 
signalling information for telephony. Its bandwidth depends on the application, and can be 0. This example shows 1 bit 
dedicated to DRR in each Sub-Block, which corresponds to 8 kbit/s capacity. Adding more DRR bits increases the 
capacity of the DRR control channel. 



A. 11 . 1 Message structure 

The DRR message structure is shown in figure A. 18. These messages will be sent between the DRR master and the 
DRR slave. The messages consist of one leading Control octet, followed by Channel-ID octet(s). There is one 
Channel-ID octet for every 8 time slots to be managed by the DRR procedure. The Control octet has 4 bits for the 
message type, followed by 4 bits for the sequence number. Each bit of the Channel-ID octets corresponds to one time 
slot, the time slots following, in the frame, the same order as the Channel-ID bits: 

"1": The corresponding time slot is currentiy active as part of the STM bearer channel, or is in the process of 
being activated. 



"0": The corresponding time slot is not in use, and is thus available for broadband data. 



Octet #1 (Control) 


Octet #2 (Channel ID) 


Octet #3 (Channel ID) 


Octet #4 (Channel ID) 


b b b b 


b b b b 


b b b b 


b b b b 


b b b b 


b b b b 


b b b b 


b b b b 


Message Type 


Sequence No. 


12 3 4 
Time slots 


5 6 7 8 


9 10 11 12 


13 14 15 16 


17 18 19 20 


2122 23 24 



Figure A.18: DRR message structure 



NOTE: This example assumes the SDSL system is managing 24 time slots under DRR. 
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Each message has a sequence number that is used to control the DRR protocol. The exact usage is given in the 
description of each state, however, in general it serves to indicate either how many times a particular message has been 
sent in a sequence; or, in a responding message, to which message number it is responding. Particularly, in an 
environment in which line disturbance can cause protocol delays, the sequence number can be used to ensure 
synchronization of framing change. 

The complete set of DRR messages is shown in table A.30. 



Table A.30: Messages used in DRR protocol 



DRR message type 


Code 


Direction 


MONITOR 


1111 


Master-to-Slave, Slave-to-Master 


DEMAND 


1110 


Master-to-Slave 


DEMAND ACK 


1101 


Slave-to-Master 


DEMAND NAK 


1011 


Slave-to-Master 


EXEC 


0001 


Master-to-Slave 


EXEC ACK 


0100 


Slave-to-Master 


REQUEST 


1100 


Slave-to-Master 



A.11.2 Message flow for DRR 



Figure A. 19 shows a typical message flow for a DRR event. 
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NOTE: Shading change indicates change of framing. 



Figure A.19: lUlessage flow, assuming LTD is iUlaster, j = 2 



A. 11 .3 Error protection 

Each DRR message is stated 3 times within the same SDSL frame, and the correct message is determined by a 
2-out-of-3 majority decision at the recipient's end. 

A.11.4 DRR control channel 

The DRR messages are carried by a DRR control channel, a dedicated channel made up of one or more Z-bits (8 kbit/s 
channel). Each Z-bit provides 48 bits (6 octets) per frame. Since each message is sent 3 times in the same frame, each 
Z-bit provides for 2 octets of message. A 1 Z-bit channel can manage up to 8 time slots, while a 2 Z-bit channel, with 
4 octets of message, can manage up to 24 time slots. Messages sent from the DRR master to the DRR slave are referred 
to as "downstream", and messages from the DRR slave to the DRR master are referred to as "upstream". The number of 
Z-bits to be used must be configured during start-up. Channel-ID bits that are in excess of the number of managed time 
slots will not be used. 
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A. 11. 5 Lead time 

The lead time j used in the countdown is the number of downstream frames starting with EXEC <1> and ending just 
before the first downstream frame with the new framing. This will be the same as the number of upstream frames 
starting with EXEC ACK <1> and ending just before the first upstream frame with the new framing. The value of j is to 
be negotiated during start-up. 

A.1 1 .6 The DRR protocol - finite state machine description 

The state diagrams for master and slave are given in figure A.20 and figure A.21 respectively. The states are shown as 
bubbles. The name of the state is given in the upper half of the bubble in italic font. The message which is transmitted 
during the state is given in the lower half of the bubble in CAPITAL letters. Incoming messages which trigger state 
transition are given in CAPITAL letters as well. Information, connmands and notifications to/from the supervisory entity 
are underlined . Logical operation (i.e. and, or) are given in bold letters as well. These rules also apply to the textual 
description. Notifications to/from the supervisory entity are primitives and are used for illustrative purposes only. 
Supervisory actions are out of the scope of the present document. 




External DRR 
Initiation or REQUEST 




DEIVIAND ACK 

1' 




Receive Framer Ready 



Figure A.20: State diagram of tlie master, showing state, outgoing message, and trigger conditions 
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Figure A.21 : State diagram of tlie slave, sliowing state, outgoing message, and trigger conditions 

A.1 1 .7 DRR master state machine 



Table A.31 : Idle State of the Master 



Entrance: 






From State 


Trigger Condition 




Any 


Reset from supervisory entity 




Go Ahead-2 


Receiver Framer Readv from master 




Initiation 


DEMAND NAK 










Action: 






Transmission of MONITOR <0> 












Exit: 






Trigger Conditions 


Target State 


Notification 


External DRR initiation, or REQUEST 


Initiation 
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Fail-safe precaution: In the event of a mismatch in the time-slot settings in the Channel-ID octets of the MONITOR 
upstream and downstream messages, the notification Time-Slot Alarm is issued. 



Table A.32: Initiation State of the Master 



Entrance: 






From State 


Trigger Condition 




Idle 


External DRR initiation, or REQUEST 










Action: 






Transmission of DEMAND <nQ> 


Hq begins with 1 , and Increments until 
the first trigger condition. 










Exit: 






Trigger Conditions 


Target State 


Notification 


DEMAND ACK 


GoAhead-l 


Initiation of Transmit Framer 


DEMAND NAK 


Idle 


Slave not ready for DRR 



Fail-safe precaution: If Uq reaches 15, it no longer increments. This could happen if recognition of DEMAND ACK or 

DEMAND NAK is delayed, due to disturbance on the line. The notification Sequence Number Overflow is issued, and 
the message DEMAND <15> continues to be transmitted. The master stays in this state until a valid slave response is 
received, unless there is supervisory intervention. 



Table A.33: Go Aliead-1 State of the Master 



Entrance: 






From State 


Trigger Condition 




Initiation 


DEMAND ACK 










Action: 






Transmission of EXEC <n^> 


begins witli 1 , and increments until 

the first tngger condition. 










Exit: 






Trigger Condition 


Target State 


Notification 


EXEC ACK 


Go Ahead-2 


Initiation of Receiver Framer 



Fail-safe precaution: If n^ reaches 15, it no longer increments. This could happen if recognition of the first EXEC ACK 

is delayed, due to disturbance on the line. The notification Sequence Number Overflow is issued, and the message 
EXEC <15> continues to be transmitted. The master stays in this state until a valid slave response is received, unless 
there is supervisory intervention. 



Table A.34: Go Ahead-2 State of the Master 



Entrance: 






From State 


Trigger Condition 




Go Ahead State-1 


EXEC ACK 










Action: 






Transmission of EXEC <n^> 


n^ is fixed at the value it had when 
exiting GoAhead-1 State. 










Exit: 






Trigger Condition 


Target State 


Notification 


Receive Framer Ready 


Idle 


DRR complete 
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A.1 1 .8 DRR slave state machine 

An upper-layer supervisory entity also controls the DRR procedure at the DRR slave side. This entity continually 
asserts a notification, stating whether the slave is ready to accept a new DRR or not (Ready for new DRR . Not Ready 
for new DRR) . 



Table A.35: Idle State of the Slave 


Entrance: 






From State 


Trigger Condition 




Any 


Reset from supervisory entity 




Confirmation 


MONITOR 




Not Ready 


MONITOR 




Wait for Monitor 


MONITOR, or DEMAND 




Wait for Framer 


Framer Ready 










Action: 






Transmission of MONITOR <0> 












Exit: 






Trigger Condition 


Target State 


Notification 


DEMAND and Ready for new DRR 


Confirmation 




Slave Request and Ready for new DRR 


Slave Request 




DEMAND and Not Ready for new DRR 


Not Ready 




Table A.36: Slave Request State of the Slave 


Entrance: 






From State 


Trigger Condition 




Idle 


Slave Request and Ready for new DRR 










Action: 






Transmission of REQUEST <np> 


np begins with 1 , and Increments until 
the first trigger condition 










Exit: 






Trigger Condition 


Target State 


Notification 


DEMAND 


Confirmation 





NOTE: In applications with tight timing requirements, it is recommended that the Slave Request State not be 
used. Instead, the system should be configured with the Dedicated Signalling Channel (DSC, 
see clause A. 11. 3) to allow normal telephony signalling to inform the master of the need for a DRR. 



Table A.37: Confirmation State of the Slave 



Entrance: 






From State 


Trigger Condition 




Idle 


DEMAND <np> and Ready for new DRR 




Slave Request 


DEMAND <nD> 










Action: 






Transmission of DEMAND ACK <nQy^> 


n^^ is fixed at the sequence number n^ 
of the triggering DEMAND 










Exit: 






Trigger Condition 


Target State 


Notifications 


EXEC 


Go Ahead 


Send both: 

Initiation of Receive and Transmit 
Framer 

- Sequence Number of First Received 
EXEC (for synchronization purposes) 
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Table A.38: Not Ready State of the Slave 


Entrance: 






From State 


Trigger Condition 




Idle 


DEMAND <nQ> and Not Ready for new 
DRR 










Action: 






Transmission of DEMAND NAK <nQ|,j> 


ripf^ is fixed at the sequence number n,-, 
of the triggering DEMAND 










Exit: 






Trigger Condition 


Target State 


Notification 


MONITOR 


Idle 


DRR aborted 


Table A.39: Go Ahead State of the Slave 


Entrance: 






From State 


Trigger Condition 




Confirmation 


EXEC 










Action: 






Transmission of EXEC ACK <n^^> 


'^EA begins with 1 , and increments until 
the first trigger condition 










Exit: 






Trigger Condition 


Target State 


Notification 


Framer Ready 


Wait for Monitor 




MONITOR, or DEMAND 


Wait for Framer 





Fail-safe precaution: If rig^ reaches 15, it no longer increments. This could happen if recognition of the first MONITOR 
or DEMAND is delayed, due to disturbance on the line. The notification Sequence Number Overflow is issued, and the 
message EXEC ACK <15> continues to be transmitted. The slave stays in this state until a valid master message is 
received, unless there is supervisory intervention. 



Table A.40: Wait for Monitor State of the Slave 



Entrance: 






From State 


Trigger Condition 




Go Ahead 


Framer Ready 










Action: 






Transmission of EXEC ACK <n^^> 


n^^ is fixed at the value it had when 

exiting Go /Aftead State 










Exit: 






Trigger Condition 


Target State 


Notification 


MONITOR, or DEMAND 


Idle 


DRR comolete 
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Table A.41 : Wait for Framer State of the Slave 



Entrance: 






From State 


Trigger Condition 




Go Ahead 


IVIONITOR, or DEIVIAND 










Action: 






Transmission of EXEC ACK <n^^> 


n^^ is fixed at tfie value it had when 
exiting Go Ahead State 










Exit: 






Trigger Condition 


Target State 


Notification 


Framer Ready 


Idle 


DRR complete 



A.11.9 Result of DRR procedure 



Figure A. 17 shows the TPS-TC framing for the dual-bearer mode. Figure A. 22 demonstrates how the mapping of the 
payload sub-block will be changed by the DRR procedure, in a typical application example. In the initial configuration 
of this example, the 8 8-bit time slots TS^^ that belong to TPC-TCj^ carry STM (voice) and the n 8-bit time slots TS^^ 
that belong to TPS-TC], carry ATM. When the supervisory entity recognizes that time slot TS2a is not currently carrying 
voice samples, it instigates a DRR procedure which temporarily repartitions TS2a ^ ATM bearer: then 7 time slots 
are carrying STM data, and (n H- 1) are carrying ATM data. 

Also shown is the DRR control channel and the Dedicated Signalling Channel (DSC) in figure A.22. In this example, 
the DRR control channel uses only 1 Z-bit, which is enough to manage 8 timeslots (see clause A.11.3). The Dedicated 
Signalling Channel (DSC) carries the higher-layer telephony signalling for the STM time slots (e.g. per ETSI V5 [23] 
and [27]); in applications using channel-associated signalling (CAS), and without tight timing constraints, the DSC is 
optional. 
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NOTE: After the DRR, time slot TS2a carries ATM data for TPS-TC^. 

Figure A.22: DRR repartitions TS2a ^fom STIUI bearer to ATM bearer (example) 
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A. 11. 10 Payload sub-block ordering with DRR 

The dual bearer mode framing with DRR supports the following combinations: 
Synchronous ISDN BA + Broadband 

POTS + Broadband 



LAPV5 enveloped POTS and ISDN 



+ Broadband 



All these modes can be used together with DRR. The respective TPS-TC layer definitions for POTS and ISDN BA 
define how the TPS-TC^ bearer should be arranged. Due to the fact that the DRR control channel occupies 1 to 3 Z-bits 
and the DSC (Dedicated SignalUng channel), if used, occupies 1-7 Z-channel(s) or is mapped into the first B-channel 
time slot, it is required to define how the different channels are mapped into the TPS-TC^. 



Sync 
word 



48*(1+i+n*8) bits 



12*(i+n*8) 



10 12*(i+n*8) 10 12*(i+n*8) 10 12*(i+n*8) 



ms / Payload Sub-Block 
' n *8, n=3....36 



6 ms 



[bits] 



6 ms 



TPS-TCa channel 



TPS-TCbCliannei 



[bits] 



Signaling ChanneKsl 

acc. A1 1 (DRR) 
aco. A.6.6 (Fast eoc) 
aoc. A.I 0.3 (LAPV5) 
aoc. A.6.2/A.6.6 (D channel(s)) 



►\ POTS 

acc. A7.1/ 
\ A. 10.2 



acc. A.6.2/A.6.6 
(B cliannel(s)) 



\ 



\ 



\ 



Control 
cliannel 



Fast 
EOC 



DSC 



13 



ISDN D,5 

channel(s) 



Counting Direction 



Broadband 



= Required z-bits are >7 result in 
combining tine bits to one B-cliannel 

Figure A.23: SDSL payload sub-block ordering with DRR 
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Figure A. 23 shows how to combine the Z-bit time slots if their number exceeds 7. The formula is based on the number 
of required Z-bits modulo 8. If none of the options/services shown in figure A.23 are used, the bandwidth is not 
allocated. 
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Annex B (normative): 

Use of G.994.1 in the pre-activation communications 
cinannel 

As noted in clause 9.2, G.994.1 shall be used to begin the preactivation sequence. A second G.994.1 sequence shall 
foUow the preactivation line probe, as described in that clause. The G.994.1 protocol shall be the mechanism for 
exchanging capabilities and negotiating the operational parameters for each SDSL connection. The use of a line probe 
sequence, as described in clause 9.2 is optional. If each TU has sufficient a priori knowledge of the line characteristics 
and the capabiUties of the other TU, either from a previous cormection or from user programming, the Une probe 
sequence may be bypassed. In this case, the G.994.1 sequence will be followed by SDSL activation, as described in 
clause 9.1. 



B.1 G.994.1 code point definitions 

The following definitions shall be applied to the SDSL parameters specified in G.994.1 [16]: 
Training mode 



PMMS mode 

4-Wire 
SRU 

Diagnostic mode 
Base data rate/PSD 



Sub data rate 



PBO 

PMMS duration 
PMMS scrambler 
PMMS target margin 



An indication that an LTU (or REG) is prepared to begin SDSL Activation 
using the associated parameters. 

An indication that an LTU (or REG) is prepared to begin a PMMS ("Power 
Measurement Modulation Session", or Line Probe) using the associated 

parameters. 

Set to indicate 4-wire operation. 

Set to indicate that the unit is a Signal Regenerator and not an LTU. 
Set to indicate a diagnostic mode train (for use with REGs). 
These octets are used as follows: 

for PMMS, they indicate rates for line probing segments; 

for training, they indicate payload data rates. 

Separate bits are provided for symmetric and asymmetric PSDs. 

For symmetric PSDs, the data rate octets indicate the base data rate in 64 kbit/s 
increments (n x 64 kbit/s). The sub data rate bits indicate additional 8 kbit/s 
increments (/ x 8 kbit/s) of Data. The total payload data rate is set by: base data 
rate + sub data rate. The sub data rate bits do not apply to the asymmetric 2 048 
kbit/s, and 2 304 kbit/s PSDs. 

Power Back-off (in 1,0 dB increments). 

The length of each line probe (PMMS) segment (in 50 ms increments). 

The scrambler polynomial used during line probe (PMMS). See clause 9.2.3. 

If worst-case target margin is selected, target margin is relative to reference 
worst-case crosstalk specified in table 9.7. If current-condition target margin is 
selected, specified target margin is relative to noise measured during Une probe. 
The 5 bit target margin is specified by (bits 5-1 x 1,0 dB) - 10 dB. For example, 
101 Uljinthe worst-case PMMS target margin octet corresponds to 

15dB-10dB = 5dB target margin relative to reference worst-case noise. 
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Clock modes 
Low latency 

TPS-TC 
Sync word 

Stuff bits 



If the capability for PMMS mode is indicated in a G.994.1 CLR/CL capabilities 
exchange, both target margin octets shall be sent. The specific values for target 
margin shall be ignored during the capabilities exchange, as all LTUs (and 
REGs) shall be capable of evaluating the results of PMMS using both types of 
target margin. 

Set to indicate clock mode, as defined in table 8.1. 

Set to indicate that low latency operation, as defined in clause 11. 4 is required. 
If not set, an LTU may choose a higher latency encoding scheme. 

The TPS-TC mode is selected from the set of modes specified in annex A. 

Indicates the value that the upstream and downstream swl - swl4 bits shall take 
on. See clause 7.1.5 for details. 

Indicates the value that the upstream and downstream stbl - stb4 bits shall take 
on. See clause 7.1.5 for details. 



Regenerator Silent Period (RSP) 



A bit used to force an LTU or REG into a 1 -minute silent interval to facilitate 
startup of spans including regenerators. 



B.2 G.994.1 tone support 

SDSL devices shall support half-duplex mode G.994.1 operation using the A4 carrier set from the 4 kHz signalling 
family. Manufacturers are encouraged to support additional carrier sets, the 4,3125 kHz signalling family, and 
full-duplex operation of G.994.1 to provide interoperable handshake sequences with other types of DSL equipment. 



B.3 G.994.1 transactions 

If no a priori capabilities information is available to the NTU, it should begin the G.994.1 session by initiating 
Transaction C (CLR/CL). Otherwise, it may begin immediately with one of the mode selection transactions (e.g. A or 
B). In this capabilities exchange (CLR/CL sequence), each unit shall indicate the functions that it is currently capable of 
performing. This means that user options that have been disabled shall not be indicated as capabilities of the unit. If a 
unit's capabiUties change due to user option settings or other causes, that unit shall cause a capabiUties exchange to 
occur during the next G.994.1 session. 

If both the NTU and LTU indicate the capability for line probing and no a priori information exists concerning the 
characteristics of the loop, the NTU should initiate transaction D (MP/MS/Ack(l)) by sending an MP with the SDSL 
line probe mode selected. This MP message shall include parameters for the downstream line probe sequence. The LTU 
shall then issue a corresponding MS message containing the upstream line probe parameters and an echo of the 
downstream line probe parameters. Following an Ack(l) from the NTU, the units shall exit G.994.1 and enter the SDSL 
line probe mode, as described in clause 9.2. Following the completion of line probing, the LTU shall initiate a new 
G.994. 1 session. The NTU shall then initiate a transaction C (CLR/CL) capabihties exchange to indicate the results of 
the line probe. Each unit shall, in this exchange, indicate the intersection of its capabilities and the capabiUties of the 
loop, as determined during the line probe sequence. The PBO octet shall be used to indicate the desired received Power 
Back-off. Following this second capabilities exchange, the units may use any valid transaction to select operational 
SDSL parameters. 

Following the selection of the SDSL parameter set, G.994.1 shall terminate and the SDSL Activation sequence (see 
clause 9.1) shall begin. 
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B.4 Operation with signal regenerators 

In general, REGs will act as LTUs during G.994.1, as described in clause B.3. In some situations, however, they are 
required to issue "Regenerator Silent Period" (via the G.994.1 RSP bit) mode selections rather than selecting a SDSL 
operational mode, as described in annexes C and D. The parameters that REGs report during capabilities exchanges are 
also slightly different. The advertised capabihties of an NTU shall be the intersection of its own capabilities and those 
reported across the regenerator's internal interface as indicative of the capabihties of the downstream units and line 
segments. The lone exception to this rule shall be the PBO octet, which shall be considered as a local parameter for each 
segment. 
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Annex C (normative): 
Signal regenerator operation 

In order to achieve data transmission over greater distances than are achievable over a single SDSL segment, one or 
more signal regenerators (REGs) may be employed. This annex specifies operational characteristics of signal 
regenerators and the startup sequence for SDSL spans containing signal regenerators. Additional explanatory text is 
included in annex D. 



C.1 Reference diagram 

Figure C.l is a reference diagram of a SDSL span containing two regenerators. Up to eight (8) regenerators per span are 
supported within the EOC addressing scheme (see clause 10.5.5.5), and no further limitation is intended herein. Each 
REG shall consist of two parts: an REG-R for interfacing with the LTU (or a separate REG-C), and an REG-C for 
interfacing with the NTU (or a separate REG-R). An internal cormection between the REG-R and REG-C shall provide 
the communication between the two parts during start-up and normal operation. An SDSL span containing X 
regenerators shall contain X+ 1 separated SDSL segments, designated TRl (LTU to REGj), TR2 (REGx-C to NTU), 

and RRn (REG„-C to REG„ ^ j-R, where 1 < n < X-l). Each segment shall foUow the general principles described in 
clauses 9.1, 9.2, and 7.2 for the preactivation and activation procedures. Additional requirements specific to spans 
containing regenerators are described in this annex. 
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Figure C.1 : Block diagram of a SDSL span with two signal regenerators 



C.2 Startup procedures 
C.2.1 REG-C 

Figure C.2 shows the state transition diagram for REG-C startup and operation. The REG-C begins in the "Idle" state 
and, in the case of an NTU initiated startup, transitions first to the "Wait for LTU" state. For an LTU initiated startup, 
the REG-C moves from "Idle" to the "G.994.1 Session 1" state. An REG initiated startup shall function identically to an 
LTU initiated startup from the perspective of the REG-C. 

The REG-C shall communicate "Capabilities Available" status and transfer a list of its capabilities to the REG-R across 
the regenerator's internal interface upon entering the "Wait for LTU" state. The REG-C's capabilities list, as transferred 
to the REG-R, shall be the intersection of its own capabiUties, the capabilities list it received from the NTU (or REG-R) 
in its G.994.1 session, and the segment capabilities determined by the line probe, if used. 

The REG-C shall receive mode selection information from the REG-R in association with the "REG-R Active" 
indication. In the subsequent G.994.1 session, the REG-C shall select the same mode and parameter settings for the 
SDSL session. 
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The timer Tj^gQ(;; shall be set to 4 minutes. If Tj^^q,-- expires before the REG-C reaches the "Active" state, the REG-C 

shall return to the "Idle" state and shall indicate link failure to the REG-R across the internal interface. The REG-C shall 
also indicate failure and return to the "Idle" state if a G.994.1 initiation is unsuccessful after 30 s. 

The "Diagnostic Mode" bit, if set in the G.994.1 Capabilities Exchange, shall cause an REG-C to function as an LTU if 
the subsequent segment fails. This implies that an internal failure indication received while in the "Wait for LTU" state 
shall cause the REG-C to select an operational mode, initiate a G.994.1 session, and transition to state "G.994.1 
Session 2". 
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Figure C.2: REG-C state transition diagram 



C.2.2 REG-R 

Figure C.3 shows the state transition diagram for REG-R startup and operation. The REG-R begins in the "Idle" state 
and, in the case of an NTU initiated train, transitions first to the "G.994.1 Session 1" state. For an LTU initiated train, 
the REG-C moves from "Idle" to the "G.994.1 Session 2" state. 

The REG-R shall communicate "Link Initiation" status to the REG-C across the regenerator"s internal interface upon 
entering the "Wait for NTU" state. Upon entering the "Active" state, it shall communicate "REG-R Active" status to the 
REG-C. If plesiochronous operation (Clock mode 1; see clause 10) is selected, the REG-R may optionally indicate its 
entry into the "Active" state to the REG-C prior to the completion of the SDSL activation sequence. If synchronous or 
network referenced plesiochronous clocking is selected (Clock modes 2, 3a, or 3b; see clause 10), the REG-R shall not 
indicate entry into the "Active" state until the SDSL activation sequence has been completed. 
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The REG-R shall receive a list of capabilities from the REG-C across the regenerator's internal interface in association 
with the "Capabilities Available" indication. The REG-R's capabilities list, as indicated in the subsequent G.994. 1 
session, shall be the intersection of its own capabiUties with the capabilities Ust it received from the REG-C. 

The REG-R shall provide mode selection information to the REG-C in association with the "REG-R Active" indication, 
based on the selections it has received in the G.994. 1 session. 

The timer TjjgQg shall be set to 4 minutes. If T^gQ^ expires before the REG-R reaches the "Active" state, the REG-R 
shall return to the "Idle" state and shall indicate link failure to the REG-C across the internal interface. The REG-R shall 
also indicate failure and return to the "Idle" state if a G.994. 1 initiation is unsuccessful after 30 s. 

The "Diagnostic Mode" bit, if set in the G.994. 1 Capabilities Exchange, shall cause an REG-R to function as an NTU if 
the subsequent segment fails. This implies that an internal failure indication received while in the "Wait for NTU" state 
shall cause the REG-R to initiate a G.994. 1 session and transition to state "G.994. 1 Session 2". 



Timeout 




Disconnect, 
Failure or Retrain 



Figure C.3: REG-R state transition diagram 



C.2.3 LTU 

In order to support operation with regenerators, each LTU shall support the Regenerator Silent Period (RSP) bit, as 
specified in ITU-T Recommendation G.994. 1 [16]. Second, the LTU shall not indicate a training failure or error until it 
has been forced into "silent" mode for at least 5 consecutive minutes. 
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C.2.4 NTU 

In order to support operation with regenerators, each NTU shall support the Regenerator Silent Period (RSP) bit, as 
specified in ITU-T Recommendation G. 994.1 [16]. The NTU shall not indicate a training failure or error until it has 
been forced into "silent" mode for at least 5 consecutive minutes. 

C.2.5 Segment failures and retrains 

In the case of a segment failure or a retrain, each segment of the span shall be deactivated, with each REG-C and each 
REG-R returning to its "Idle" state. The restart may then be initiated by the REG, the NTU, or the LTU. 



C.3 Synnbol rates 

Signal regenerators may transmit at symbol rates up to and including 685,33 ksymbol/s. This corresponds, for 
16-TCPAM, to maximum user data rates (not including framing overhead) of 2,048 Mbit/s. Operation at higher symbol 
rates is for further study. 

Each TU and REG on a span shall select the same operational data rate. 



C.4 PSD nnasks 

Any of the PSDs may be used for the TRl segment (LTU to REGj-R). All other segments shall employ one of the 
appropriate symmetric PSDs, as described in clause 9.4.1. The selection of PSD shall be Umited by the symbol rate 
considerations of clause C.3. 
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Annex D (normative): 

Deactivation and warm-start procedure 

Support of the reduced power mode, the deactivation and the warm-start is optional. 

NOTE: Frequent transitions to/from the reduced power mode introduce a non-stationary noise environment, 

whose effect on deployed xDSL systems is not fully known. Because of this, regional access restrictions 
regarding this procedure might apply. 



D.1 Deactivation to reduced power mode 

This clause describes waveforms at the loop interface and associated procedures during deactivation. Figure D.l 
illustrates the deactivation sequence. 

The deactivation can be initiated by the NTU or by the LTU. EOC signalling is used to initiate the deactivation. The 
initiating side is called unit A, the other side shall be called unit B. 

The standard sequence is as follows: Upon receiving the eoc-message "Deactivation Request", unit B responds by the 
eoc-message "Deactivation Acknowledge" or by "Unable To Comply (UTC)". After sending the "Deactivation 
Acknowledge' containing an acceptance to the deactivation (bit OK = "1"), unit B continues transmitting and waits for 
the deactivation of unit A. After receiving the acceptance to the deactivation request, unit A stops transmitting and 
enters the reduced power mode. After detecting that unit A has stopped transmitting, e.g. by detecting an LOSW-error, 
unit B stops transmitting and enters the reduced power mode as well. 

The eoc messages "Deactivation Request" and "Deactivation Acknowledge" indicate the ability of the sender for the 
deactivation to the reduced power mode and a subsequent warm-start. 



ETSI 



146 



ETSI TS 101 524 VI .2.1 (2003-03) 



TPS-TC 
Layer 



Deactivation 
Request 



Deactivation 
Indication 



unit A 




cease 
.transmission 





powerdown 



eoc message 
Deactivation Request 



eoc message Deactivation 
Acl<nowledge 




unit B 




LOSW 
1 defect 



TPS-TC 
Layer 



Deactivation 
Indication 



Figure D.1 : Deactivation sequence 



D.1.1 Void 



D.1.2 Deactivation sequence 



With messages "Deactivation Request" and "Deactivation Acknowledge", however, each transceiver can also inhibit or 
stop an initiated deactivation process by setting bit OK to "0" in the relevant eoc-message. This is useful when during or 
after the transmission of the "Deactivation Request" it becomes apparent that the data hnk is about to be used. 

In warm-start the transmission shall be active to at least time t^^tive T^mnmize effects of nonstationary cross talk to 
systems sharing the same binder. 



D.1.3 Deactivation EOC IVIessages 



D.1 .3.1 Deactivation Request - IVIanagement: IVIessage 

The Deactivation Request message is transmitted to request a deactivation or to withdraw an issued deactivation 
request. The destination address shall be Fj^ to indicate this is a broadcast message. 
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Table D.1 : Deactivation request - lUlessage ID 22 



Octet # 


Contents 


Data Type 


Reference 


1 


22 


IVIessage ID 




2 bits 7..1 


Reserved 


set to 




2bit0 


Bit OK 


= Deactivation requested, 

1 = Deactivation request cancelled 




3 


Reserved 


set to 





D.1 .3.2 Deactivation Response - Management message: Message 

The deactivation response message is used to confirm the deactivation command or to refuse a deactivation request 

Table D.2: Deactivation Acknowledge - Message ID 150 



Octet # 


Contents 


Data Type 


Reference 


1 


150 


Message ID 




2 bits 7..1 


Reserved 


set to 




2 bitO 


OK 


= Deactivation OK, 

1 = Deactivation not possible 




3 


Reserved 


set to 





D.2 Warm-start activation 



The warm-start can be initiated by the NTU or the LTU. This clause describes waveforms at the loop interface and 
associated procedures during warm-start. The direct specification of the performance of individual receiver elements is 
avoided when possible. Instead, the transmitter characteristics are specified on an individual basis and the receiver 
performance is specified on a general basis as the aggregate perfornaance of all receiver elements. Exceptions are made 
for cases where the performance of an individual receiver element is crucial to inter-operability. 

In contrast to the activation described in clause 9.1, a warm-start makes use of all settings stored in a previous 
successful activation to achieve a minimum start-up time. An activation is successful if convergence has been achieved 
and the data mode has been reached (see clause 9.3). All settings i.e. negotiated configuration in the preactivation, all 
data in the activation frame and all values in adaptive filters have to be stored before deactivating the transmission. The 
warm-start relies on the fact that all previously stored settings such as the transfer characteristics of the receive and 
transmit path and the timing relation between receive and transmit signals are still relevant. Small changes .e.g. due to 
variations of ambient temperature should not inhibit the warm-start activation. However, if the equipment or the loop 
characteristics have changed significantly, the warm-start activation may fail and a cold-start will be performed instead. 

D.2.1 Warm-start activation PIVID reference model 

The block diagram of the warm-start activation PMD layer of an LTU and NTU transmitter is shown in figure D.2. 
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Figure D.2: Warm-start activation PIUID reference model 
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The time index m represents the symbol time, and t represents analog time. Since activation uses 2-PAM modulation, 
the bit time is equivalent to the symbol time. The output of the scrambler is s(m). The output of the mapper is y(m), and 
the output of the spectral shaper at the loop interface is z(t). di(m) is an initialization signal that shall be logical ones for 
all m. do(m) is an initialization signal that shall be logical zeros for all m. The modulation format shall be Tomlinson- 
coded 2-level signal, with the full symbol rate selected for data mode operation. During activation the timing reference 
for the activation signals have a tolerance of +32 ppm at the LTU and +100 ppm at the NTU. 

The output bits from the scrambler s(m) shall be mapped to an output level y(m) as follows: 



Table D.3: Bit-to-level mapping 



Scrambler output s(m) 


Mapper output level y(m) 


Data mode index 





-9/16 


0011 


1 


+9/16 


1000 



The levels corresponding to a and 1 at the output of the scrambler shall be identical to the levels of the 16-TC-PAM 
constellation corresponding to indexes 0011 and 1000 respectively. 



D.2.2 Warm-start activation sequence 

The sequence and timing diagram for the warm-start activation sequence is given in figure D.3. 



NTU 



'WUN 
► 



W, 



WUN 



^WUL ^WS 





*ECN ^WS ^SYN 
» H » H 



\\\\\\\\ ■ 



'^^W^, 

\ X X X X X X X X X X X X X X X ^-i/'///// ////// 



Data 



LTU 



W 



NTU in operational 
status 



SSSSSSSSSSSSSSSSS <X- 



'////. 



Data 



only if activation 
initiated by NTU 



Half Duplex Segments 



LTU and NTU In 
operational status 



Figure D.3: Timing diagram for the warm-start activation sequence 
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Table D.4: Duration and tolerances for activation signals 



Signal 


Parameter 


Reference 


Nominal 
Value 


Tolerance 


'WUN 


Duration of W^^j,^ 


D.2.4.1 


12 ms 


±2 ms 


*WS 


Guard time to prevent over lapping signals 




6 ms 


± 2 ms 


^WUL 


Duration of V^^jul 


D.2.4.2 


20 ms 


±2 ms 


*ECN 


Duration of the half duplex segment of the NTU 


D.2.4.3 


40 ms 


±2 ms 


^SYN 


Minimum Duration of the half duplex segment of 
the LTU 




100 ms 


±2 ms 


WSact 


Maximum activation time 




500 ms 




active 


Minimum time the link has to remain active 




5 min 




NOTE: The maximum time for activation, occurring after a deactivation witfiout any intervening loopbacl< or 
powering action and without any change in cable characteristic for a metallic pair cable transmission 
system is ^\/\iQg^ci This value for activation time is understood as a 95 %-value when testing with line 


models specified for the digital transmission system. 
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D.2.3 State transition diagram 



The state transition diagram for the warm-start activation of the NTU and the LTU is given in figure D.4. 
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* Exception condition 
(e.g. missed detection 
of expected signal) 



Figure D.4: LTU and NTU transmitter warm-start state transition diagram 



D.2.4 Signals used in warm-start activation 



D.2.4.1 Signal W^u^ 

The NTU initiated warm-start shall start with the NTU sending the warm-start wake up signal, W^^un ^ duration of 
^WUN- '^^^ waveform and the transmit power of W^yyj^ is the same as of the 12 kHz-R-Tone used in the PACC. 
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D.2.4.2 Signal WwuL 

The wake-up signal for the LTU initiated warm-start shall be the W^l. If the warm-start is initiated by the NTU, the 
LTU shall send the signal W^L.after detecting the signal W^^^. shall have a duration of t^^uL. The waveform 

and the transmit power of the same as of the 20 kHz-C-Tone used in the PACC. 

D.2.4.3 Signal Wecn 

The NTU shall send Wg^N- be ginning t^^ after the end of W^^j^. Waveform Wg^p^. shall be generated by connecting 
logical ones to the input of the NTU scrambler as shown in figure D.2. The transmit power, symbol rate and PSD mask 
for WgcN, shall be as for signal WgL 

Half duplex signal Wgj-^j^ shall be sent for time t^Q^. 

D.2.4.4 Signal WsL 

The LTU shall send Wjl beginning t^g after the end of W£(^jyf. Waveform W^l shall be generated by connecting 
logical ones to the input of the LTU scrambler as shown in figure D.2. The transmit power, symbol rate and PSD mask 
for W^L, shall be as negotiated during the preactivation sequence. 

D.2.4.5 Signal WsN 

The NTU shall start transmitting beginning t\yg + tgyN ^ft^r the end of Wg^j^. Waveform Wgf^ shall be generated 
by connecting logical ones to the input of the NTU scrambler as shown in figure D.2. The transmit power, symbol rate 
and PSD mask for Wg^j, shall be as negotiated during the preactivation sequence. 

D.2.4.6 Signal WoKN 

The NTU shall start transmitting Wqkn when the NTU achieves full operational status. Full operational status of the 
NTU means that the NTU is ready to enter data mode. Waveform Wqkn ^hall be generated by coimecting logical zeros 
to the input of the NTU scrambler as shown in figure D.2. The transmit power, symbol rate and PSD mask for Wqkn' 
shall be as for signal Wgf^ 

D.2.4.7 Signal WoKL 

The LTU shall send Wqj^ when the LTU has both detected Wqjq^ and achieves full operational status. Full operational 
status of the LTU means that the LTU is ready to enter data mode. Waveform Wqkl ^hall be generated by connecting 
logical ones signal to the input of the LTU scrambler as shown in figure D.2. The transmit power, symbolrate and PSD 
mask for Wqkl ^^all be the same as for W^l. Wqkl ^haU be sent for exactly 256 symbols. 

D.2.4.8 Datacand Datar 

Within 200 symbols after the end of Wqkl' the LTU shall send Data^. and NTU shall send Dataj.. These signals are 
described in clause 9.2. There is no required relationship between the end of Wqj^^ ^^d any bit within the SDSL data- 
mode frame. The SDSL payload data shall be valid Tp^yip^^jy^j (see table D.5) after the end of Wqkl- 

D. 2.4.9 Warm-start exception-condition 

An exception condition shall be declared during warm-start if the timeout values given in clause D.2.4. 1 1 expire or if 
any vendor-defined abnormal event occurs. 
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D.2.4.10 Warm-Start Exception-state 

If an exception condition is declared during warm-start, the LTU or NTU enters the exception state and warm-start is 
aborted. During the exception state the TU shall be silent for at least Tgjjgjj^,^ (see table D.5), wait for transmission from 

the far end to cease, then return to the corresponding initial startup state. The NTU and LTU shall begin preactivation, 
as per clause 9.2. 

D.2.4.11 Timeouts 

Table D.5 shows the system timeouts and their values. 



Table D.5: Timeout values 



Name 


Parameter 


Value 


'''silence 


Minimum time in tlie warm-start exception state where the LTU or 
NTU are silent before the start of preactivation. 


See table 9.3 


'''payload Valid 


Time from start of Data^and Data^ to valid SDSL payload data 


See table 9.3 
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Annex E (informative): 

Signal regenerator startup description 

This annex describes the startup sequence used on spans employing regenerators. The sequence apphes to spans with an 
arbitrary number of regenerators (up to 8), but for simplicity, the description here assumes a two-regenerator link. The 
use of Une probing is optional, but its use is assumed for the purpose of this description. 

The basic premise is that capability lists and line probe results propagate from the NTU toward the LTU and that the 
SDSL training begins at the LTU and propagates in the direction toward the NTU. The Regenerator Silent Period (RSP) 
bit in ITU-T Recommendation G.994.1 [16] is used to hold off segments while the startup process propagates across the 
span. 

The block diagram in figure E.l shows a typical SDSL span with two regenerators as a reference for the startup 
sequences described below. 
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Figure E.1 : Block diagram of a SDSL span witli two signal regenerators 



E.1 NTU initiated startup 

In most typical SDSL installations, the NTU can be expected to initiate the startup process. The proposed SDSL startup 
process for NTU initiation is described in the text below and shown graphically in table E.l. 

In this mode, the NTU triggers the startup process by initiating a G.994.1 session with the regenerator closest to it (over 
segment TR2). The NTU and the REG2-C then exchange capabilities and optionally perform a line probe and a second 

capabilities exchange. The units do not have enough information to begin SDSL activation at this point, so the REG2-C 

issues an MS with the RSP bit set to hold off the NTU while the startup process propagates across the span. The 
G.994.1 session terminates normally, and the NTU begins its waiting period. 

Next, the REG2-C conveys the capabiUties from Segment TR2 to the REG2-R across the regenerator's internal interface. 

The REG2-R then initiates a G.994.1 session with the REGj-C and performs the same capabilities exchange and line 

probing sequence described above for the first segment. The capabilities expressed by the REG2-R are the intersection 

of its own capabilities with the capabilities it has received for Segment TR2. The units still do not have sufficient 
information to begin SDSL activation, so, again, the REGj-R issues an MS with the RSP bit set. The G.994.1 session 

terminates normally, and the REG2-R begins its waiting period. 
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As before, the REGj-C then conveys the capabihties from segment RRl (including the information from segment TR2) 
to the REG^-R across the regenerator's internal interface. The REGpR initiates a G.994.1 session with the LTU and 

performs a capabilities exchange. Optionally, a line probe and a second capabilities exchange may be used. As before, 
the capabilities expressed by the REGj-R are the intersection of its own capabilities with the capabilities it has received 
for segments RRl and TR2. At this point, the LTU possesses all of the required information to select the span's 
operational parameters. The data rate and other parameters are selected, just as in a normal (non-regenerator) 
preactivation sequence and then the SDSL activation begins for segment TRL 

When the LTU/REGi-R Unk (over segment TRl) has completed the SDSL activation sequence (or the G.994.1 session, 
if clock mode 1 is selected), the REGj-R communicates the selected operational parameters to the REGj-C across the 
regenerator's internal interface. At this point, the REGj-C initiates a G.994.1 session with the REG2-R over segment 

RRl. Parameters are selected - there should be no need for another CLR-CL exchange at this point - and the units 
perform the normal SDSL activation. If clock mode 1 is selected (classic plesiochronous) there is no need to lock 
symbol timing to a network clock reference. In this case, the REG2-C/REG2-R G.994.1 session and activation should 
begin as soon as the LTU/REG[-R G.994.1 sessions completes. In clock modes 2, 3a, and 3b, such a network or data 
clock reference is necessary for establishing symbol timing. In these modes, the REG^-C will delay the initiation of its 
G.994.1 session until the LTU/REGj-R activation is complete. In this way, the required reference clock will be 
available for symbol timing on the REG2-C/REG2-R segment. 

When the REG2-C/REG2-R link (over segment RRl) has completed the SDSL activation sequence (or the G.994.1 
session, if clock mode 1 is selected), the REG2-R communicates the selected operational parameters to the REG2-C 
across the regenerator's internal interface. The REG2-C initiates a G.994.1 session with the NTU over Segment TR2. 

Parameters are selected and the units perform the normal SDSL activation. When this activation sequence is complete, 
the span can become fiiUy operational. 



Table E.I : NTU initiated startup sequence 



Segment TR2 
(NTU/REG2-C) 


Segment RRl 
(REG2-R/REG1-C) 


Segment TRl 
(REGi-R/LTU) 


G.994.1 Starts 






Capabilities exchange 






Line probe 






Capabilities exchange 






^ MS (RSP) 








G.994.1 Starts 






Capabilities exchange 






Line probe 






Capabilities exchange 






<r- MS (RSP) 








G.994.1 Starts 






Capabilities exchange 






Line probe 






Capabilities exchange 






Mode selection 






SDSL activation 




^ G.994.1 Start 






Mode selection 






SDSL activation 




<r- G.994.1 Start 






Mode selection 






SDSL activation 
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E.2 LTU initiated startup 

In some cases, it may be desirable for the LTU to initiate the startup process. The proposed SDSL startup process for 
LTU initiation is described in the text below and shown graphically in table E.2. 

In this mode, the LTU triggers the startup process by initiating a G.994.1 session with the regenerator closest to it (over 
segment TRl). The REG2-C issues an MS with the RSP bit set to hold off the LTU while the startup process propagates 
across the span. The G.994.1 session terminates normally, and the LTU begins its wait period. Next, the REGpC 
initiates a G.994.1 session with the REG2-R, which, again is terminated following an MS from the REG2-R with the 
RSP bit set. 

The REG2-C next initiates a G.994.1 session with the NTU. From this point on, the start sequence is as described in 
clause D. 1 for the NTU initiated startup. 



Table E.2: LTU initiated startup sequence 



Segment TR2 
(NTU/REG2-C) 


Segment RR1 
(REG2-R/REG1-C) 


Segment TR1 
(REGi-R/LTU) 






<- G.994.1 Start 






MS (RSP) ^ 




<r- G.994.1 Start 






MS (RSP) ^ 




<r- G.994.1 Start 






Capabilities excliange 






Line probe 






Capabilities excliange 






<r- MS (RSP) 








G.994.1 Starts 






Capabilities exchange 






Line probe 






Capabilities exchange 






<- MS (RSP) 








G.994.1 Starts 






Capabilities exchange 






Line probe 






Capabilities exchange 






Mode selection 






SDSL activation 




<r- G.994.1 Start 






Mode selection 






SDSL activation 




^ G.994.1 Start 






IVlode selection 






SDSL activation 







E.3 REG initiated startup 

In some limited appUcations (including some maintenance and retrain scenarios), it may be desirable for a regenerator 
to initiate the start sequence. In this mode, the REG will initiate the train in the downstream direction - i.e. toward the 
NTU in the same manner that it would have for the corresponding segment of the LTU Startup Procedure (as described 
in clause E.2). The NTU will then initiate the capabilities exchange and line probing procedure toward the LTU, as in a 
normal LTU initiated startup. The startup sequence begins with the initiating REG-C and propagating toward the NTU. 
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E.4 Collisions and retrains 

Collisions (equivalent to "glare" conditions in voice applications) can occur in cases where both the LTU and the NTU 
attempt to initiate connections simultaneously. Using the process described above, these colUsions are resolved by 
specifying that R-to-C capabilities exchanges and probes will always take precedence over C-to-R train requests. 
G.994.1 sessions inherently resolve colhsions on individual segments. 

In G.994.1, the RSP timeout is specified as approximately 1 minute. For spans with no more than one regenerator, this 
is ideal. For multi-regenerator spans, however, a TU may time out and initiate a new G.994.1 session before the REG is 
prepared to begin the next phase of the train. In such cases, the REG should respond to the G.994. 1 initiation and issue 
an MS message with the RSP bit set to hold off the TU once again. For its part, the REG should implement an internal 
timer and should not consider a startup to have failed until that timer has expired. The timer should be started when the 
REG receives a RSP bit in an MS message and should not expire for at least 4 minutes. 

If any segment must retrain due to line conditions or other causes, each segment of the span shall be deactivated and the 
full startup procedure shall be re-initiated. 



E.5 Diagnostic mode activation 

If a segment fails, the startup procedure will also fail for the entire span. This would normally be characterized at the 
TU by being told to enter a silent interval via the RSP bit and never receiving another G.994. 1 request. Without some 
diagnostic information, the service provider would have no easy way to test the integrity of the various segments. 

This concern is resolved by the use of the "Diagnostic Mode" in G.994.1 to trigger a diagnostic training mode. This bit, 
when set, causes an REG connected to a failed segment to act as a TU and allow the startup procedure to finish. In this 
way, all of the segments before the failed segment may be tested using loopbacks and EOC-initiated tests. This would 
allow network operators to quickly isolate the segment where the failure has occurred. 
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Annex F (informative): 

Typical characteristics of cables 

The primary cable parameters = + jo>Lj and Yp = + jco-Cp per unit length are specified for various frequencies in 
tables F.l and F.2. They are based on existing RLCG tables specified in the HDSL specification [1], and extended up to 
2 MHz. The values of the RLC parameters for other frequencies can be found by using a "cubic spline interpolation". 



Table F.1 : Line constants for the cable sections in the SDSL testloops 







SDSL.PE04 




SDSL.PE05 


SDSL.PE06 


SDSL.PE08 


freq 
[Hz] 
X 10+3 




Rs 
[aim] 
X 10-3 


Ls 

[H/m] 
X 10-9 


Cp 
[F/m] 
X 10-12 




Rs 
[£2/m] 
X 10-3 


Ls 
[H/m] 
X 10-9 


Cp 

[F/m] 
X 10-12 


Rs 
[£2/m] 
X 10-3 


Ls 
[H/m] 
X 10-9 


Cp 

[F/m] 
X 10-12 


Rs 
[£2/m] 
X 10-3 


Ls 
[H/m] 
X 10-9 


Cp 

[F/m] 
X 10-12 





268 


680 


45,5 


172 


680 


25 


119 


700 


56 


67 


700 


37,8 


10 


268 


678 


45,5 


172 


678 


25 


120 


695 


56 


70,0 


700 


37,8 


20 


269 


675 


45,5 


173 


675 


25 


121 


693 


56 


72,5 


687 


37,8 


40 


271 


669 


45,5 


175 


667 


25 


125 


680 


56 


75,0 


665 


37,8 


100 


282 


650 


45,5 


190 


646 


25 


146 


655 


56 


91,7 


628 


37,8 


150 


295 


642 


45,5 


207 


637 


25 


167 


641 


56 


105 


609 


37,8 


200 


312 


635 


45,5 


227 


629 


25 


189 


633 


56 


117 


595 


37,8 


400 


390 


619 


45,5 


302 


603 


25 


260 


601 


56 


159 


568 


37,8 


500 


425 


608 


45,5 


334 


592 


25 


288 


590 


56 


177,5 


560 


37,8 


700 


493 


593 


45,5 


392 


577 


25 


340 


576 


56 


209 


553 


37,8 


1 000 


582 


582 


45,5 


466 


572 


25 


405 


570 


56 


250 


547 


37,8 


2 000 


816 


571 


45,5 


655 


565 


25 


571 


560 


56 


353 


540 


37,8 



Table F.2: Line constants for the cable sections in the SDSL testloops 







SDSL.PVC032 


SDSL.PVC04 




SDSL.PVC063 


freq 
[Hz] 

X 10+3 




Rs 

[Slim] 

X 10-3 


Ls 

[H/m] 
X 10-9 


Cp 
[F/m] 
X 10-12 


Rs 

[Slim] 
X 10-3 


Ls 
[H/m] 
X 10-9 


Cp 
[F/m] 
X 10-12 




Rs 

[Slim] 
X 10-3 


Ls 

[H/m] 
X 10-9 


Cp 

[F/m] 
X 10-12 





419 


650 


120 


268 


650 


120 


108 


635 


120 


10 


419 


650 


120 


268 


650 


120 


108 


635 


120 


20 


419 


650 


120 


268 


650 


120 


108 


635 


120 


40 


419 


650 


120 


268 


650 


120 


111 


630 


120 


100 


427 


647 


120 


281 


635 


120 


141 


604 


120 


150 


453 


635 


120 


295 


627 


120 


173 


584 


120 


200 


493 


621 


120 


311 


619 


120 


207 


560 


120 


400 


679 


577 


120 


391 


592 


120 


319 


492 


120 


500 


750 


560 


120 


426 


579 


120 


361 


469 


120 


700 


877 


546 


120 


494 


566 


120 


427 


450 


120 


1 000 


1 041 


545 


120 


584 


559 


120 


510 


442 


120 


2 000 


1 463 


540 


120 


817 


550 


120 


720 


434 


120 
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Annex G (informative): 

Transmission and reflection of cable sections 



G.1 Definition of transfer function and insertion loss 

Transfer function and insertion loss are quantities that are related to the values of the (complex) source and load 
impedance. Within the context of the present document, a simplified definition is used in which source and load are the 
same and equal to a real value Ry. The transfer function and insertion loss associated with a two-port network, 

normalized to a chosen reference resistance Ry are defined as the following voltage ratios (see figures G.l and G.2): 



Transfer Function = 



Insertion Loss = 



El 




Rv 



Figure G.l : Voltage across the load 



+ 




Rv 



Two-port 
Network 



-o- 



+ 

U2 



Rv 



Figure G.2: Voltage across the load with a two-port network Inserted 

These quantities are directly related to the scattering parameters associated with the two-port network as defined in 
clause G.2: 



Transfer Function (TF) = S21 
Insertion Loss (IL) = I/S21 



Magnitude of TF (in dB) = 20 logio(ls2il) 
Magnitude of IL (in dB) = -20 logio(ls2il) 
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G.2 Derivation of s-parameters from primary cable 
parameters 

The testloops are defined by one or a cascade of cable sections. The characteristics of each section are specified by 
means of primary cable parameters {Z^, Yp) per unit length (Lq). This clause gives the equations to evaluate the 
relevant characteristics of cable sections (s-parameters) from the primary parameters and to handle cascade of cable 
sections. 

Insertion loss and return loss of a cable section, for SDSL, can be calculated from the primary parameters {Z^, Yp} per 
unit length (Lq) by evaluating the two-port s-parameters, normalized to Ry = 135 £1. 



Zsx = {LVLo)-Z3 


Yx = VZsx -Ypx 


ttj^ = rea/(Yx) 


Rsx = '■ea/(Zsx) 


Gpx = rea/(Ypx) 


Ypx - (L/Lo) ■ Yp 


Zq = ^JZsx /Ypx 




l-sx = imag(Z^^ko) 


Cpx = imag{Yp^ko) 



•S'21 •S'22 



(Zo//?^+/?^/Zo)-tanh(rJ+2 



(Zo//?,-/?,/Zo) tanh(rJ 2/ cosh {yj 

2/cosh(rJ iZo/R^-RJZo)tmh{r^) 



Insertion Loss: I/S21 
Return Loss: 1/s 



11 



The s-parameters of two cable sections (a and b) in cascade, S^j, can be calculated from the s-parameters and S^, as 
described below: 



•^11 -^12 
•^21 ^22 



1 



^2\a ■ ^2\b ^22b ~^sb' ^22a 



^si-^nfh2i ' Sl2i-^2l! 
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Annex H (informative): 

Guideline for the narrowband interfaces implementation in 
the SDSL NTU 

This annex provides information needed for the implementation of power efficient narrowband interfaces (at the SDSL 
NTU) when lifeline service has to be guaranteed. 

Narrowband interfaces and conditions that were taken into account are: 

• ISDN user-network interface (S-interface); 

• Analogue interface (PSTN) in the following conditions: 

"On Hook" with ringing applied; 

"On Hook" with no transmission and normal battery applied; 

"Off Hook", normal talk state; 

"On Hook", with FSK/DTMF data transfer; 

"Power denial". 

The PSTN interface has been identified as the highest power consuming interface and, in particular, the operational 
state "Off Hook", normal talk state. 

The following tables provide a guideline to the implementation of voice-band analogue interfaces (a/b interfaces) 
offered to the final user by means of adapter devices terminating various types of digital networks such as xDSL or 
ISDN. Particular attention is given to the power budget implied by the individual requirements. 

The information was derived from EG 201 185 [13], ES 201 970 (see bibliography) and experience gained in the use of 
intelligent ISDN Network Terminations widely used for the ISDN network (NTs providing analogue terminal adapter 
interfaces to the user). The tables allow a comparison between those two ETSI documents in order to facilitate the 
harmonization of the network side of the analogue voice band switched interface (PSTN). The suggested values are 
very close to EG 201 185 [13], however they add important information on parameters affecting the power consumption 
(vital for the lifeUne service) that are lacking in those documents. 



General 




EG 201 185 (VI .1.1) 


ES 201 970 (VI .1.1) 


Suggested values 


notes 


applicability (loop length) 


< ioon 


<750£1 


<ioon 




mechanical aspects 


RJ-1 1 (3 and 4) 


RJ-1 1 (3 and 4) 


RJ-11 




Signalling 


on-hook voltage (min, 

max) 


38 Vto 78V@100kn 


38 V to 78 V @ 
ICQ Mn/LF 


38 V to 78 V @ 1 mA 


1 


on-hook voltage @ 2,5 
mA 


>32 V 


>32 V 


>32 V 


2 


off-hook resistance (d.c.) 


n.a. 


n.a. 


<800n 


3 


non-seizure current 


l|oop < 3 mA 


l|oop < 3 mA 


l|oop < 4 mA 




seize current 


l|oop ^ 6 mA 


l|oop>10mA 


l|oop > 6 mA 


4 


seize surely recognized 


150 ms 


150 ms 


> 250 ms 




seize surely not 
recognized 


< 25 ms 


< 25 ms 


<50 ms 




loop current (min-max) 


> 18 mA 


1 8 mA to 70 mA 


>18mA@800n 
> 25 mA @ 400 n 




loop current 
(recommended) 


32 mA ± 7 mA 


25 mA to 40 mA 


See line above 




clear signal threshold 


< 1 mA 


< (seize curr. -0.5 mA) 


<6 mA 




clear signal not 
recognized 


< 350 ms 


< 250 ms 


< 1 50 ms 




clear signal recognized 


> 500 ms 


> 500 ms 


> 200 ms 
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clear signal from the 
network 


release tone 


release tone 


release tone 


5 




EG 201 185 (VI .1.1) 


ES 201 970 (VI .1.1) 


Suggested values 


notes 


Signalling 


DTMF recognition level 


-5dBV to -15dBV 


-5dBVto-15dBV 


-5dBV to -15dBV 




DTMF max twist 


4dB 


6dB 


4dB 




DTMF frequency error 


+ M 5 % + 2 Hz^ 


+ M 5 % + 2 Hz^ 


+ M 5 % + 2 Hz^ 




DTMF min duration 


40 ms 


40 ms 


40 ms 




DTMF min pause 


40 ms 


40 ms 


40 ms 




Ringing voltage 
(required) 


> 35 Vrms @ 4 kii (a.c.) 


> 35 Vrms @ 400 kfi//LF 


>40V|.ms (2 Kf2,(p>60°) 


6 


Ringing frequency 


25 Hz (or 50 Hz) ± 2 Hz 


25 Hz (or 50 Hz) ± 2 Hz 


25 Hz (or 50 Hz) ± 2 Hz 




Distortion 


< 5 %, symmetric 


< 5 %, symmetric 


1 %, symmetric 




Max ringing current 


n.a. 


n.a. 


80 mA 




Superimposed d.c. 


38 V to 78 V (optional) 


38 V to 78 V (optional) 


38 V to 78 V 


7 


Ring Trip threshold 


dc seize condition or 

< 700 Q. (@ 25 Hz or 50 Hz) 


dc seize condition or 
< 700 n @ 25 Hz 


dc seize 




Ring Trip Delay 


< 100 ms 


< 200 ms 


< 200 ms 




Tone level 


-18dBV + 6dB 


-18dBV±6dB 


-18dBV + 6dB 




Signal quality 


Impedance 


270n + (750n//150nF) 


270 £1 + (750 il//150nF) 


270n + (750n//150nF) 








200 Hz to 300 Hz: > 8 dB 










300 Hz to 500 Hz: 








200 Hz to 500 Hz: 14-18 dB 


R rlR tn 1 n rlR 

"snn H7 tn 1 pisn H7- 

10dBto14dB 

1 250 Hz to 3 400 Hz: 

>14dB 

3 400 Hz to 3 800 Hz: 
14 dB to 12 dB 


200 Hz to 500 Hz:14dB 
to18dB 

500 Hz to 2 500 Hz:>18dB 
2 000 Hz to 3 800 Hz: 
18dBto14dB 




return loss 


500 Hz to 2 500 Hz:>18dB 
2 000 Hz to 3 800 Hz: 
18dBto 14 dB 


8 






50 Hz: >40 dB 










200 Hz to 600 Hz: 


50 Hz:>20dB 




balance to earth 


200 Hz to 3 800 Hz: > 46 dB 


>40dB 

600 Hz to 3 800 Hz: 
>46dB 


200 Hz to 600 Hz: > 40 dB 
600 Hz to 3 800 Hz: >46 dB 




input relative level 


+4dBr±1 dB 


+4dBr±2dB 


+4dBr±1 dB 


9 


output relative level 


-11 dBr± 1 dB 


-11 dBr±2dB 


-11 dBr± 1 dB 






300 Hz: -0,3 to +1,0 dB 










400 Hz: -0,3 to +0,75 dB 










0,6 - 2 kHz: -0,3 dB to 








Frequency Response 


+0,75 dB 

2,4 kHz: -0,3 dB to +0,45 dB 
3 kHz: -0,3 dB to +0,7 dB 
3,4 kHz: -0,3 dBto+1,7dB 


as per ITU-T Q.552 


as per ITU-T Q.552 




loss vs. signal level 


see table 4 


as per ITU-T Q.552 


as per ITU-T Q.552 




input levels 


3,14 dB over nominal level 


1,8 V^ms (+5,7 dBm) 


3,14 dB over nominal level 




receive noise 


< -67 dBVp 


as per Q.552 


-64 dBmOp 




transmit noise 


< -64 dBmOp 


as per Q.552 


-64 dBmOp 




absolute delay 


< 2 ms 


n.a. 


<1,5 ms 






500 Hz to 600 Hz: <1,8 ms 




500 Hz to 600 Hz: < 0,9 ms 
600 Hz to 1 000 Hz: 
<0,45 ms 

1 000 Hz to 2 600 Hz: 

<0,15 ms 

2 600 Hz to 2 800 Hz: 
<0,75 ms 






600 Hz to 1 000 Hz: <0,9 ms 






relative delay 

(relative to the minimum) 


1 000 Hz to 2 600 Hz: 
<0,3 ms 

2 600 Hz to 2 800 Hz: 
<1 ,5 ms 


n.a. 




Optional features 


Pulse dialling rate 


8 to 12pulse/s 


8 to 12 pulse/s 


8 to 12 pulse/s 




break/pulse ratio 


50 % to 75 % 


50 % to 75 % 


50 % to 75 % 




Interdigit Pulse 


>240 ms 


>240 ms 


>240 ms 




Register Recall 


50 ms to 1 30 ms 


50 ms to 1 30 ms 


25 ms to 1 50 ms 




Hook Flash 


75 ms to 850 ms 


n.a. 


n.a. 


10 


Metering Pulses 
frequency 


12 kHz or 16 kHz 


12 kHz or 16 kHz 


12 kHz or 16 kHz 




Metering Pulses level 


approx. 500 mV^^g 


approx. 1 00 mV|.^g 


>200 mVrnis 
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NOTE 1 : A concept present in ES 201 970 is the Loading Factor (LF). Ttie operator must state a single LF number 
for the Networi< Termination Point (NTP). Based on this LF information, the user can determine the number 
or the type of terminals that can be connected at the NTP. The operator must guarantee a minimum LF of 
100. 

The single LF number stated by the operator is the minimum value among the LF calculated for four key 
parameters: the resistance to ground, the DC resistance in quiescent conditions, the ringing voltage, and 
the DC current during ringing. A skilled user may take advantage of the operator providing individual L's for 

these parameters. As an example, the ringing voltage is specified to be greater than 35 Vrms at a load of 
400 kil/LF. If the operator specifies a LF of 100, this means that the 35 Vrms are guaranteed across a load 
of 4 kft. 

NOTE 2: Meeting this value is an optional feature required to support ALASS services. 
NOTE 3: 800 H represents the sum of the loop and the terminal resistance (d.c). 

NOTE 4: There is an additional recommendation (mentioned in EG 201 185 [13] and in ES 201 970): during any 

transient state in the transition from quiescent to loop state, the NTP should be able to supply at least 4 mA 
over a 5 kf2 load for at least 20 ms. The reason for this requirements is that some TE may expect the full 
current immediately after going off-hook while some NTP may use high resistance supply to provide 
quiescent state "high" battery voltage (e.g. 50 V through a 10 kn resistance) and will not able to deliver the 
full current before switching in a lower value DC "battery" voltage. The combination of the two cases may 
cause problems, and the recommendation for the NTP is paired with a recommendation for the TE to be 
developed so that they can correctly seize the loop under this limited current transient. 

NOTE 5: Polarity reversal or K-break may be required by some operators, additionally to release tones. 

NOTE 6: EG 201 185 [13] recommends supplying 35 Vrms over 2 kil, ac coupled. 

NOTE 7: A note specifies that TBR21 compliant devices are not guaranteed to operate with ringing sources without a 
superimposed DC voltage. 

NOTE 8: For ES 201 970 (see bibliography), return loss measurements include the loop between the NTP and the 
"line card". It is also stated than the specified value for the return loss at low-mid frequency may not be 
achieved for loop resistance > 750 £1. 

NOTE 9: Including loop loss for ES 201 970 (see bibliography). 

NOTE 1 0: As a network option, the hook flash is an alternative to register recall. When hook-flash is used, the 
minimum recognition time for clear originated from the TE raises to 950 ms to 1 050 ms. 



ALASS services 

Common ALASS services include provision of Calling Line Identity (CLI) and Message Waiting Indication (MWI). 

These services are delivered to the terminal equipment using voice-band data, either during incoming call set-up, while 
the terminal is in the quiescent state or in the off-hook state (e.g. CLI during a CW offering). See EN 300 659-1, 
EN 300 659-2 and ES 200 778 (see bibliography). 

In order to support ALASS services to the TE, the equipment should be able to support one or more additional features, 



such as: 




a) 


control of polarity reversal; 


b) 


a single burst of ringing current, with or without polarity reversal; 


c) 


provision of 2,5 mA @ 32 V in the quiescent state; 


d) 


ignore on-line d.c. current pulses not exceeding 25 ms duration; 


e) 


generation of DTMF digits to the TE. 
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Annex I (informative): 
Tabulation of the noise profiles 

Annex I tabulates the total noise profile (sum of self and alien) corresponding to OdB of margin for all the test cases. Those noise PSDs were used during the theoretical 
computation of the margin. The tabulated noise profiles should be measured into the calibrating impedance (see clause 12.2.3.1). 

Noise Profile Nomenclature: ABBBCDE 

A: Side (either C or R) 

EBB: Rate 

C: PSD type (either s for symmetric or a for asymmetric) 
D: Noise Type (A ,B, C or D) 
E: Loop Number (from 2 to 7). 

The noise shapes used for test #1 wiU be identical to Noise A of test #2 



Table 1.1 : LT side/symmetric PSDs 



Noise 
profile 


Magnitude of the noise In dBm per Hz (sign Is always negative) as a function of frequency In kHz 




1 


10 


20 


30 


40 


50 


60 


70 


80 


90 


100 


150 


200 


250 


300 


350 


400 


600 


800 


C384sA2 


114,9 


99,2 


95,0 


93,1 


92,5 


92,3 


92,9 


93,9 


93,4 


92,7 


92,0 


88,1 


86,3 


85,0 


83,8 


82,9 


82,1 


79,4 


77,6 


C384sC2 


120,6 


104,6 


100,4 


98,4 


97,7 


97,6 


98,7 


101,8 


102,6 


102,0 


101,3 


94,5 


92,7 


91,4 


90,2 


89,3 


88,5 


87,8 


86,8 


C384sD2 


131,8 


104,4 


99,5 


97,1 


95,8 


95,3 


96,4 


100,5 


107,0 


114,2 


121,6 


138,0 


138,0 


138,0 


138,0 


138,0 


138,0 


138,0 


138,0 


C512sA2 


114,9 


99,4 


95,3 


93,4 


92,8 


92,3 


92,0 


91,9 


92,0 


92,2 


91,9 


88,1 


86,3 


85,0 


83,8 


82,9 


82,1 


79,4 


77,6 


C512sC2 


120,6 


104,9 


100,8 


98,8 


98,1 


97,7 


97,4 


97,5 


98,3 


100,0 


100,9 


94,5 


92,7 


91,4 


90,2 


89,3 


88,5 


87,8 


86,8 


C512sD2 


132,8 


105,6 


100,6 


98,0 


96,4 


95,4 


94,8 


94,8 


95,8 


98,7 


103,2 


131,4 


138,0 


138,0 


138,0 


138,0 


138,0 


138,0 


138,0 


C768sA2 


114,9 


99,6 


95,6 


93,7 


93,3 


92,8 


92,4 


91,9 


91,2 


90,7 


90,3 


88,1 


86,3 


84,9 


83,8 


82,9 


82,1 


79,4 


77,6 


C768sC2 


120,6 


105,2 


101,2 


99,3 


98,8 


98,4 


98,0 


97,5 


97,0 


96,6 


96,4 


94,4 


92,7 


91,4 


90,2 


89,3 


88,5 


87,8 


86,8 


C768sD2 


134,2 


107,3 


102,2 


99,5 


97,7 


96,5 


95,5 


94,8 


94,3 


93,9 


93,8 


102,6 


120,9 


138,0 


138,0 


138,0 


138,0 


138,0 


138,0 
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Noise 
profile 


Magnitude of the noise in dBm per Hz (sign is aiways negative) as a function of frequency in kHz 
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Magnitude of the noise in dBm per Hz (sign is aiways negative) as a function of frequency in kHz 
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Magnitude of the noise in dBm per Hz (sign is aiways negative) as a function of frequency in VHz 
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Table 1.2: LT side/asymmetric PSDs 



ETSI TS 101 524 VI .2.1 (2003-03) 



Noise 
profile 

• 


iUlagnitude of tlie noise in dBm per Hz (sign is always negative) as a function of frequency in kHz 
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profile 


Magnitude of the noise in dBm per Hz (sign is aiways negative) as a function of frequency in IcIHz 
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Table 1.3: NT side/symmetric PSDs 
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profile 


Magnitude of the noise in dBm per Hz (sign Is always negative) as a function of frequency in kHz 
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Noise 
profile 


Magnitude of the noise in dBm per Hz (sign is aiways negative) as a function of frequency in kHz 
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Magnitude of the noise in dBm per Hz (sign is aiways negative) as a function of frequency in VHz 
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profile 


Magnitude of the noise in dBm per Hz (sign is aiways negative) as a function of frequency in kHz 
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Table 1.4: NT side/asymmetric PSDs 



Noise 
profile 

• 


iUlagnitude of tlie noise in dBm per Hz (sign is always negative) as a function of frequency in kHz 
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NoiSG 
profile 


Magnitude of t>ie noise in dBm per Hz (sign is aiways negative) as a function of frequency in IcIHz 
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Annex J (informative): 

Differences with G.991 .2 (G.shdsl annex B) 



Number 


Description 


1 


Fixed Frame Sync Word versus selectable in ITU-T Recommendation G.991. 2 
Resolution: specify the transmission of the SDSL sync word during PACC see clause 7.1 .5 


2 


In G.991 .2, there is a clause for "transmit power testing". In ETSI SDSL, the power measurement is 

only implicitly mentioned in the definition of PSD-masks 

Resolution: such a proposal will be discussed for inclusion in the next revision of SDSL 


3 


- Sync word: 

The Synchronization Word (SW) enables the SDSL receivers to acquire frame alignment. The 
synchronization word consists of the following 1 4-bit sequence: 111111 00001 1 00 
The SW is present in every frame and is the same in both the upstream and downstream directions. 
ITU: swi - sw14 (Frame Sync Word) 

The Frame Synchronization Word (FSW) enables SHDSL receivers to acquire frame alignment. 
The FSW (bits swi - swi 4) is present in every frame and is specified independently for the 
upstream and downstream directions 
Resolution: see difference #1 


4 


Clause 13: Power feeding 


5 


Annex E: Cable characteristics 



ETSI 



179 



ETSI TS 101 524 VI .2.1 (2003-03) 



Annex K (informative): 
Bibliography 

ETSI TS 101 272: "Transmission and Multiplexing (TM); Optical Access Networks (OANs) for evolving 
services; ATM Passive Optical Networks (PONs) and the transport of ATM over digital subscriber lines". 

ETSI ES 201 970: "Access and Terminals (AT); Analogue access to the Public Switched Telephone Network 
(PSTN); Harmonized specification of physical and electrical characteristics at a 2- wire analogue presented 

Network Termination Point (NTP)". 

ETSI EN 300 659-1: "Access and Terminals (AT); Analogue access to the Pubhc Switched Telephone 
Network (PSTN); Subscriber line protocol over the local loop for display (and related) services; 
Part 1: On-hook data transmission". 

ETSI EN 300 659-2: "Access and Terminals (AT); Analogue access to the Pubhc Switched Telephone 
Network (PSTN); Subscriber line protocol over the local loop for display (and related) services; 
Part 2: Off-hook data transmission". 

ETSI ES 200 778: "Access and Terminals (AT); Analogue access to the Public Switched Telephone Network 
(PSTN); Protocol over the local loop for display and related services; Terminal Equipment requirements". 

Council Directive 89/336/EEC of 3 May 1989 on the approximation of the laws of the Member States relating 
to electromagnetic compatibihty. 

ITU-T Recommendation Q.552 (2001): "Transmission characteristics at 2-wire analogue interfaces of digital 
exchanges". 

AAF-VMOA-0145.000: "Loop Emulation Service Using AAL2" . 



ETSI 



180 



ETSI TS 101 524 VI .2.1 (2003-03) 



History 



Document history 


VI. 1.1 


April 2000 


PubUcation as TS 101 524-1 


VI. 1.1 


June 2000 


Publication as TS 101 524-2 


VI. 1.1 


June 2001 


Publication 


VI. 1.2 


August 2001 


Publication 


VI. 1.3 


November 2001 


Publication 


Vl.2.1 


March 2003 


Publication 



ETSI 



